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Cements 


CEMENTS and Lutes. Under this article may be 
mentioned the receipts for preparing Come of the moft ufe- 
ful fuhftanccs of this kind, that are required in common chc* 
mical opt ration?. 

The ufes of lutes and cements are either to clofe the join- 
ings of chemical veffels to prevent the tffcape of vapours and 
gaffes during the proccffts of dift illation, fublimation, and 
the like, or to p ae£i vtffds from the a&ion of the fire 
which might crack, or fufc, or calciue them : or fometimes to 
repair flaws and cracks, and for a variety of other final! cr 
purpoffs. 

The lubjeft of calcareous cements , ftich as moitar,:jUrm, 
and other lab dances ufed to clofe the joinings of bricks 
or Rons in buildings, w ill be mentioned in the following 
at tide. 

When a lute is applied over the whole furface of a ve(Tel« 
(as to a giafs rttort wlun u is intended tube heated ltd hot) 
the proccfs is termed, loncation oi coating* Iron inruaces 
aie alio lined or coated on the infide witl» earth, to prevent 
the iron from being deilroyed by the conRant adion of the 
lire. 

From the vafl variety of receipts for lutes and cements of 
different kinds, the: following may be fe!e£ted, which will 
anfwer molt of the purposes of the experimental chernift. 

To prevent the efcape of the vapours of w ater, fpirit, ami 
liquors not corrofivc, the Ample application of flips of 
moillentd bladder will anfwer vt*ry well for giafs, and paper 
with good palte for metal. Bladder, to be very adhdive, 
fhould he foaked lome time in water moderately warm, till it 
feds clammy i it then Ricks vcr.y well. If fmtated with 
white of egg, in Head of water, it adheres Rill clofer. 

Another very convenient lute is linfeed meal, moifttned 
with water, to a proper confiitcncc, wdl beaten, and applied 
•pretty thick over the joinings of the veffels. This im- 
mediately renders tlitm tight, and the lute in fome houra 
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dries to a hard miffs. Almond paRe will anfwer the fame 
purpofc. 

The ufe of the above lute is fo extenfive, that no other is 
required in clofing giafs veffels in preparing all common dif 
tilled liquors ; and it will even keep in ammonia, and acid 
gaffes, for a longer time than is required for moft ex- 
perimental purpofes. It begins to fcorch and fpoil at a 
heat much above boiling, And therefore will not do as a fire 
lute. It is Rill firmer, and dries fooner when made up with 
milk, or lime water, or weak glue. 

A number of very cohcfive cements impervious t© water 
and moft liquids and vapours, and extremely* hard when once 
folidified, are made by the union of quick-lime with many of 
the vegetable or animal mucilaginous liquors. The variety 
of iheic is endlcfs. We may firft mention the following, as 
it has been extenfively employed by chemilts for centuries. 
Take fome whites of eggs with as much water, beat them 
well together, and fprinkle in fufficicnt flaked lime, to make 
up the whole to the confidence of thin palte. The lime 
Humid be flaked by being once dipped in water and then fuf- 
fered to fall into powder, which it will do fpeedily with great 
emiflion of heat, if well burnt. This cement flioula be 
fpread on flips of cloth, and applied immediately, as it 
hardens or fets very fpeedily. While hardening it may be of 
ufc to fprinkle over it feme of the lime in fine powder* 
This cement is often more Amply and as conveniently 
managed, by fmearir.g flips of linen on both fidcs with 
white of egg, and when applied to the joining of the veffels 
(baking fome powdered lime over it. It then dries very 
fpeedily. 

Another lute of the fame kind, and equally go<Jd, is made 
by uiing, a ttrong folulion of glue to the lime inftead of the 
white of egg. It fets equally foon, and becomes very hard. 
A mixture of liquid glue, white of egg, aad lime, snakes 



2 

the lut (fane* which is fo firm, that broken veflVls united 
with it, are almoft as ftrong as when found. None of thefe 
lutes, however, will enable thife vefTels to hold liqmds for 
any great length of time. Milk or llarch, with Inne, make 
a good, hut lefs lirm lute. 

A very lirm and Angular lute of this kind is made by 
rubbing down foine of the poortft Hammed milk cheefe with 
water, ^to the confidence of thick foup, and then adding 
lime, and applying as above. It anfwcrs extremely wtil. 
Lime and blood, with a fmall quantity of brick-dud, or 
broken pottery, ftirrtd in, is ufed in fome places as a very 
good wat'T-cement for cellars and places liable to damp. 

Paris- plaiL-r, mixed wiih egg, milk, gilt", ilarch, or any 
tnocilnginon* liquor, alfo makes a good lute. 

Some artids mix other earths with the above materials. 
Thus a very good cement is made with equal parts of clay 
and lime, about j of flour and white of egg ; or, as is ufed 
by many of the equa fortis-makers, a mixture of colcothar 
lime and white of t;rg. 

All the above-ment'oned cements, with lime, become 
▼cry hard, by drying, nifomuch that they cannot be fepa* 
rated from glafs vcfTeU without the help of a (harp knife 
and fome violence; and hence delicate vtfTcls, and long thin 
tubes cemented with it, are apt to bieak, when the apparatus 
is taken down, and fometimes even by the mere force of 
contraction in fitting. It is a gieat advantage, however, 
that they may be applied immediately to any accidental 
crack or failure of the lute already on, notwithfianding a 
itream of vapour is burlting through ; and in large di it illa- 
tions it is of advantage always to have fome of the materials 
at hand. 

Thefe lutes will not confine very corrofive acid vapours 
prrfedtly, for a great length of time, but will an Twer for 
oth^r pnrpoies, particulaily whtre a complicated apparatus 
is to be kept fteadiiy united and air tight. They wili bear 
nearly a red heat without material alttration. 

Another kind of lute, which is the moll p.rfe& for con- 
fining acid vapours for any length of time, and which never 
hardens to an inconvenient degree, ifi the fat hie, as it 19 
calltd. This is made by taking any quantity of goo 1 day, 
tobacco-pipe clay, for example, thoroughly dry, but not 
burnt, powdering it in an iron mortar, mixing it gradually 
with drying liufcedoil, and beating them together for alcng 
time to the confidence of thick palle. Much mutual labour 
is required, and it fhonld be continued till the mafs no lon- 
ger admits to the peftle. Then make the edg.'S of the 
glafs or other veffcl, where it is to be ufed, pc*i icdly diy, 
and apply the lute carefully, and it will llaud the 
lougcll proccfs without failing. This grows firm enough 
to retain its place, ami to hold the V'-ffels together, but m y 
readily be fep^rcted by a knihv Tiiis lute much improves 
iu adhefivenefs by long keeping, which fliould be in a 
covered pan in a cool cedar. When wanted, it regain® fuf- 
ficent diuftility, merely by beating for a mi.iute or two, or 
by the help of a Ft w drops more of the oil. Good glaziers 
putty, ^hich is made of chalk, beat up with drying indeed 
oil, much rcfemblca the fat lute in quality. 

Another fpeties of lute is that which is commonly applied 
round glafs retorts, when difiillation with a full red heat is 
wanted, to protcdl them from the fad den action of the fire, 
and to give them firmnefs, and to enable them to bear this 
heat without flattening or falling together, when red hot, 
or melting with the fuel. A gLfs veffd, fo prcpaied, with 
at thick earthen coating, may be conlidtrcd as an earthen 
veflel glazed on the intide. The fubllance ufed is a mix- 
ture of fand, with ju It fuffieient clay to make it adhere to- 
gether* beat up with fpme kind of fibrous matter, fo as media- 
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nically to increafe the tenacity, A natural earthy mixture 
of the kind is Windfor loam, or an equally gtfod one may 
be formed with coarfe fand and clay, or better with frag- 
ments of pottery coarfelv ground, (the fine part being fepa- 
rated by lifting, and rejected,) mixed with more or Ids clay, 
according to the quality, fo that it will juft mouid together 
when wet. For the fibrous matter, fome ufe borfe-dung, 
which appears to be the beft, others chopped ft raw or 
chaff, others chopped horfe, or cow-hair, or tow, all of 
which anfwer the fame purpofe. A fmall quantity of thefe 
will fuffice. Beaumc recommends about an ounce of cow's 
hair to five pounds of the earthy mixture. A good deal of 
water (hould be added, when the materials are mixed, and 
much manual labour is required to diflufe the hair equally 
through the mixture. To apply it to a glais vcflcl, a re- 
tort, for example, take a lumcieut quantity of the lute, 
fpread it out flat on a table, lay the bottom of the retort on 
the middle of the mafs, and then turn up the edges of the 
flat cake, and bring it over the reft of the glafs, prefling 
it down with the fingers, till it applies uniformly and 
clofeiy. By this method the lute is without feam, and is 
much more likely to dry in the fire without cracking. Or 
clfe, bring the lute, with fufficient water, to the con lift once 
of thick foup, dip the retort in, and it will come out thinly 
coated. Turn it round before the fire, and, when dry, dip 
it again in the lute, to give a fecond coating, and fo 011, to 
the required thicknefs, which may be from f to 5 an inch. 
A lute firr.ilar to this is ufed as a lining to iron furnaces, to 
confine the fire, and prevent the iron from confuming bv the 
conlLrt h* at. This lute is juft fo fufiblc as to begin to 
agglutinate in a full red heat; and hence, if it remains 
found till thus hot, it will form an impenetrable coating to 
the glafs within, from which it cannot afterwards be de- 
tached. The covers of crucibles and othtr veflcfo inttnd. d 
to bear fire may be luted with this earthy mixture. It is 
mi dried Hill lefs liable to crack on the firft heating, if, 
when thoiougl ly dry, it is frneared with linfetd oil. 

Sometimes, however, a iti'l more fufihle compound is 
wanted, paiticularly where veiy volatile and penetrating fub- 
flancis a iv diltiiled from an earthen veflel. Thtfe ve fills 
are nectfbuily porous, to a certain degree, independent of 
any cahial cracks, from which the larger ea'then vtfilis arc 
ielitom entirely free. When pbofphorus, for example, is 
prepared, by ftrongly heating charcoal and phofphoric acid 
ia one of ihtfc retorts, the vapour of the phofphon’ti pene- 
trates through the pores, when thoroughly red hot, and 
much of it hi loft. Nor will the Lft-rm*ntiom_d luting en- 
tirely prevent this, fo that it it* a great Caving to cover the 
retort firft with a thin coat of a fulib’e glazing, whiJi will 
melt on the furface as foon as red-hot, and dole every 
opening. This glazing may be made by a ^ a ** 1 1 1 y U (luxes 
added to the proper dole (d clay and earth, and mxed 
into a thin pi le and applied to the retort with a hrufli. 
Tile following management ts recommended by Mr. Willis, 

?. pra&ical chemill, (Repertory, vol. i.) in dift.liation with 
large earthen rttoi? 3 . Dflolvc one ounce of borax in naif 
a pint of boiling water, and add as much (bleed in: e as will 
make it into a thin pafte. Spread it over the rttori v iih a 
brufh, and, alien dry, apply over the whole a lute of flaked 
lime and hinted oil, beaten till it is ptrh&ly puiilic. This 
become dry in n day or two, and is then fit for ufe. Stone 
retorts may thus be hltd feveral times with fafety, (always 
renewing the oil and inu-luic) ; wlurtas, in the common 
way, and even with the clay and hair-lute, they geneia^y 
crack when cooling, or on being heated a ftcond time. If, 
during the operation, the retort fliould mack, Mr. Willis 
adviies to fpread fome of the oil coinpofition thickly on the 
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part, and fprmkle feme fl.ikcd lime over the whole, which 
will prevent the further cfcape even of the penetrating va- 
pour of phofphorus, and may be fafely applied even when 
the retort is red-hot. When prepared fomewhat thicker, it 
is very proper as a general lute for a variety of purpofes, 
and will never harden fo as to break the veflcl. 

Often a fire lute is required to join the covers to crucibles, 
or for fimilar purpofes, fo as to keep them air-tight when 
hot. A very valuable compofition of the kind is made of 
glafs of borax, brick-duff and clay finely powdered together, 
and mixed with a little water when ufed. No very great 
nicety is required in the proportions, but about a tenth of 
borax is quite fuffreient to bring the earths to that Hate of 
femi-vitrification which is defired. Litharge may alfo be 
ufed inlteacl of borax, but the latter is by far the belt, as it 
promotes that thin fpreading fufion which is belt calculated 
to be equally applied over an uneven furfacc ; and befides, if 
a portion of the litharge lute were to drop into the crucible 
it might poflibly be reduced, and lead introduced into the 
refults of the experiments. 

A cement, faid to be ufeful to (top cracks of iron veflels 
intended to be itrongly heated, is made of fix parts of clay, 
one of iron filings, and linfeed oil enough for the mix- 
ture 

Another fpecies of cement is what is termed by the 
French Majhch chaud , and coniills of different kind^ of oily 
and refinous fubllances, liquid when hot, and which become 
more or lefs folid by cooling. They are ufeful for a va- 
riety of milcdlaneous purpofes, for experiments with gaffes 
over water or mercury, and others where only a very mode- 
rate warmth is ufed, and where it is of importance to keep 
out air and water. Thefc will alfo confine acid vapours, 
but not the vapours of alcohol, turpentine, or efTential oils, 
which diffolve moll refinous fubllances. Moll of them 
will flick very well to glafs. Common fealing-wax is one of 
the mofl ufeful of thefc cements. A cheaper and lefs brittle 
cement is made fimply by melting bees wax with about one 
eighth of common turpentine. This may be made up into 
flicks to be ufed when wanted, being fir ll melted or ipread 
evenly with a hot iron. A greater proportion of turpen- 
tine Tenders this lute foftcr and more fufible, but fomewhat 
pliable. 

A very firm cement is made by four parts of rofin, one of 
btes wax, and when melted, one .part of fine brick dull, 
ffirred in. This adheies with extreme finnnefs. Table 
•knives are cemented to their handles by this mixture, and 
turners ufe a fimilar compofition in fome fine woiks to fix 
them to the lathe. 

Chaptal found, after many trials, that the penetrating 
Vapours of fulphureous ac:d in the manufacture of alum 
were completely confined in a wooden chamber lined very 
carefully with a mixture of equal paits of pitch, turpentine, 
and wax boiled till all the tflentidl oil was difiipated (which 
was known by the ceffation of the bubbles) applied melted 
to the w'ood, and fpread with a hot trowel over the joints. 
Vintners Hop leaks in their ca/ks with melted fuct rubbed 
over when cooling with fiftedwood-afhes, orprevioufly mixed 
with the afiu.8 in melting. 

The ufe of gum arable diffolvcd in water, for cementing 
paper labels to bottles, and a great variety of mifcellaneous 
purpofes, is known to every one. A (hll better cement for 
the fame ufe is i fin glafs diffolvcd in vinegar to a pretty thick 
confidence when warm. This congeals on cooling, and be- 
fore it is u ltd it fhoukl be gently waimed. 

Many of the varniflics and oil paints are employed in ren- 
dering vtffels air and water tight. Thus when canvas bags 
ire faffened to a Hop-cock tube for air-holders, the joining 


is made perfe&ly tight by tying over it Dipl of cloth or 
bladder foaked in fpint varaiih. 

The following cement is faid to be very ufeful in joining 
together glafs or Heel. Take of maHich five or fix bits as 
big as peas, diffolve in as much alcohol as will render them 
liquid. In another veffel diffolve as much ifinglafs (pre- 
vioufly foaked in water) in brandy or rum, as will make two 
ounces by meafure of a ftrong glue, warm it, and incorporate 
with it by rubbing two or three fmall bits of galbanum or 
ammoniacum and then the mallich folution. ICeep the ce- 
ment in a bottle well Hopped, and gently warm it before 
ufe. 

Thofe fufible metal compounds ufed to unite pieces of 
metal form another totally di(tin& fpecies of cements. 
Thefc are termed Solders, under which they will be de- 
ferred. See C /cm ent. 

Cements, calcareous. In this article it is propofed to 
give an account of the various cements ufed in building, 
into which lime enters as an effential conHituent part 5 and 
in order to treat the fubjedl with a degree of clearncf9, in 
fome meafure correfponding to its importance, it will he 
advifable to arrange evtry kind of calcareous cement under 
one or other of the following three divilions : firit, fimple 
calcareous cements : fecondly, water cements : thirdly, maf- 
tichs or maltha. 

$ I . Simple calcareous cements . 

This fe6lion includes thofe kinds of mortar which are 
employed in buildings on land; and generally coniill of lime, 
fand, and fre-fh \^aler. 

It is well kuown that calcareous earths are converted, by 
burning, into what is called quick lime, which fubilance 
being wetted with' water falls into a powder with great 
extrication of heat, and then acquires the property of uniting 
with faml, and various other fubllances, and forming a folid 
mafs which becomes as haid and durable as moll building 
Hones. We have no means of aicertaining by whom or at 
what time this valuable property of lime waa difeovered ; 
but among the nations of antiquity the Romans appear to 
h.tve made the moll ufe of, and to have been moH /killed in 
cementitious building. 

The various kinds of marble, chalk, and lime-Hone, as far 
as regards their ufe in cements, may be divided into two 
fpecies ; the firft being pure or nearly pure carhonat of 
lime ; the fccond containing befides from to-,- 1 / of clay and 
ox>d of iron. Previous to burning or calcination, there are 
no external charatftrsbv which the fimple lime- Hones can be 
dillinguiftied from the argillo- ferruginous ones ; but the for- 
mer, whatever may have been their colour in a crude Hate, 
become when calcined of a white colour, while the latter 
poffcl* more or lefs of a light ochery tinge. The brown lime 
is by far the bell for all kinds of cements ; but the white va- 
rieties being more abundant, and allowing of a larger propor- 
tion of fand, are generally made ufe of. It was an opinion of 
the ancients, and is Hill commonly received among builders, 
that the hardell lime-llone, ceteris paribus , furni/hes the befit 
lime ; thus mortar was faid to grow as hard as the lime* 
Hone of which it was compofed, and hence marble was con- 
fidered as ftiperior to common lime Hone, and this latter to 
chalk. The experiments of Dr. Higgins and Mr. Smea- 
ton, however, fhow that this is entirely a miHake ; common 
chalk, and the haidell Plymouth maib^e, when iimilariy 
treated, affording cements of equal firmnefs. 

When ,carbonated lime has been thoroughly burnt, it it 
deprived of its water, and of all, or nearly all of its catbonic 
acid : if, in this Hate, it is plunged into water, and imme- 
diately taken out again, the water which it has abforbed 



will occalion tl.e mat* to crack and become cxceflively hot, 
and at length to fall into an impalpable powder, much of 
the water being carried off in the form of (team during the 
procefc. When lime has been thus flaked, if it is beaten 
lip with a little water into a very ftiff pafte and allowed to 
dry, it will be found that the white limes, whether from 
chalk or marble, never acquit c any degree of hardnefs, that 
the brown limes become coufiderably indurated though not 
fo much fo as when mixed with fand, and that (hell lime 
(procured by calcining fca (hells), concretes into a firm, 
hard ccnunt, well qualified for dry buildings, although it 
falls to pieces in water. 

Lime-ftoue lofcs about -J of its weight by burning, but 
(brinks in an inconlideiable degree ; upon quenching, when 
fully burnt, it falls freely, and will produce fiunewhat more 
than double the quantity of powder or flaked lime, in mea- 
sure, that the burnt lime-ftone confided of. 

Quick-lime, by expofure to the air, abforbs carbonic 
acid with greater or lefs rapidity, as it h of a clofe and 
hard, orfoft and fpongy texture; thus it gradually iofis 
its cementing properties and at length becomes totally unfit 
for the purpofes of mortar. Hence, though (lone-lime and 
chalk-lime are equally good, when perfe&ly burnt, and ufed 
frefli from the kiln, there is an important praftical difference 
between them, as the chalk-lime abftnbs carbonic acid with 
much the greateft facility. 

A proper felc&ion of fand is of great importance in the 
compofltion of mortar; the (harper and coarfcr it is the 
better ; as it requires a fmalkr proportion of lime, and makes 
a (Ironger cement than when fine grained and round fand is 
made ule of. Sea fand requires to be well wafhed in frefh 
water to diffolve out the fait with which it is mixed, other- 
wife the cement into which it enters never becomes thorough- 
ly dry and hard. 

The mod advantageous proportions of lime and fand in 
the compofltion of mortar is a point by no means fettled. 
The Roman builders were accu domed to allow three parts 
of pit fand, or two parts of river or fea fand to one of lime. 
In general, it may be affirmed, that it will be advantageous 
to ufe the larged quantity of fand that can be introduced, 
preferving the necefiary degree of plafticity. Mortar, in 
which the fand predominates, requires lefs water in preparing, 
and therefore fets fooner 5 it is harder and alfo lefs liable 
to crack on drying than that in which lime prevails. Smea- 
ton obferves, that there is fcarcely any but what, if well 
burnt and beaten, a load or meafure of unflaked lime will 
take two loads or meafures of fand. On purfuing this fub- 
)c€t he foon found that, by good beating, the fame quantity 
of lime would take in one meafure of tarras and three of 
clean fand, which feems to be the greated uftful proportion, 
for on a further incrcafe of the quantity of fand, the mortar 
required fo much more beating to bring it to a proper con- 
fidence and toughnefs, that the labour became of more value 
than the faving of materials. Thefe obfervations agree very 
nearly with the experiments of Dr. Hutton. 

The weaknefs of modern mortar compared to the ancient is 
a common fubieft of regret, and many ingenious men taking 
for granted, that the proccfs ufed by the Roman architc&s 
in preparing their mortar is one of tnofe arts which are now 
lod, have employed themfelves in making experiments to 
recover it, indead of attending to the directions left us in 
the works of Pliny and Vitruvius, which, when illuftrated 
by the actual pra&ice of builders in various parts of Europe, 
feem to leave little or no doubt on the fubjeft. 

The chara&eriftic of all modem artids, builders among 
the reft, feems to be to fpare their time and labour as much 
as poffible, and to incrcale the quantity of the articles they 


CEMENTS AND LUTES 

produce, without much regard to their goodnefs j and per- 
haps there is no manufacture in which this is fo remarkably 
exemplified as in the preparation of common mortar, efpe- 
daily in London and its neighbourhood. 

The peculiar badnefs of London mortar is to be attri- 
buted, both to the faulty nature of the materials, and the 
careiefs and hafty method of uflng them. The lime em- 
ployed is the foft chalk-limc of Effex and Kent, which in- 
fufficiently burnt at firft, is conveyed a diftance of ten or 
twenty miles and kept many days, without any precautions 
to prevent the accefs of the external air ; and thus before 
it is ufed, it has time to abforb fo much carbonic acid as 
nearly to lofe its cementing properties. It has been before 
obfcrvtd, that though chalk, when perfc&ly burnt, is equally 
good as the hard eft lime, it poflefles fome practical difad- 
vantages ; it will fall into a eoarfe powder on the applica- 
tion of water, when it is only partially calcined, which ftone- 
lime will not, and the cores or unburnt lumps may be broken 
down by a blow with the fpade, and are therefore very 
feldom rejc£ed as they ought to be. 

Sand, which is fcarce and dear in London, is equally de- 
fective. This is pit fand, but very different from the kind 
recommended by Pliny and Vitruvius ; inftead of being 
clean, large-grained, and (harp, it is compofed of fmall round 
grains, and foiled with a large mixture of clay. Its finenefs 
and fmoothnefs cannot be amended, but by wattling it well 
in running water the clay might unqueftionably he got rid 
of, and this would be no trifling improvement, for Smeaton 
lias fhown, by direCt experiment, that mortar of the beft qua- 
lity, when mixed with a fmall proportion of nnburnt clay, 
never acquires that hardnefs and drynefs which, without 
this addition, it would fpeedily have attained. Screened 
rubbifh and the ferapings of the roads, confiding chiefly of 
gravel reduced to fine powder, are alfo ufed as fubflitutes 
for fand with dill greater impropriety. 

The method of preparing common mortar is alfo ex- 
tremely imperfed. The lime being flaked by the addition 
of waltr, and the unburnt lime being broken down and 
mixed with the red, a quantity of dirty fand is added, and 
the whole being incorporated by means of a fpade, is reckon- 
ed to be fit for ufe ; thus the principal point in the making 
of mortar, namely, beating the ingredients together, fo as 
to mix them thoroughly, is flurred over in a hafty careiefs 
manner, and the refult, as might be expt&ed, is a crumbling 
mafs fcarcely fit for ufe. The Roman builders, on the 
other hand, after they had mixed together the materials, 
employing for this purpofe a fmaller proportion of water 
than is cudomary at prefent, put the mafs into a large 
wooden mortar, and beat it till it ccafed to adhere to the 
heavy wooden or iron pedle which was ufed on the occa- 
fion 5 a practice, which has long been followed by the 
Dutch with complete fuccefs, as will be (hewn in the next 
fedbon. 

Frefh made mortar, if kept under ground in confiderable 
mafles, may be preferved for a great length of time without 
injury ; and the older it is before it is ufed the better ; the 
builder taking the precaution to beat it up afrefh, previous 
to ufing it ; for it not only fets fooner, but acquires a great- 
er degree of hardnefs, and is lefs apt to crack. A fa& re- 
lated by Mr. Smeaton, remarkably iilultrates thefe points. 
Having had occafion to take up a large fiat ftonc of a clofe 
grain, of about five feet fquare, that had probably lain above 
a century at the bottom of a malt cidern, he found that it 
had been well bedded in mortar, which had become coagu- 
lated to the confidence of cheefe ; but having never come to 
a perfect drynefs, it fo far retained its natural humidity, tha* 
he found it might, with fome pains, be beaten up to mortar 
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without any addition of water; and afterwards being fuffered 
to dry in the air, it fet to a (tony hardnefs, and appeared as 
good mortar as any which that part of the country pro- 
duced* Pliny informs us, that the ancient Roman laws pro* 
hibited builders from ufing mortar that was lefs than three 
years old ; and to this circumftancc he exprefaly attributes 
the remarkable firmnefs of the oldelt buildings in the city. A 
fimilarcuftom prevailed, and we believe ftill prevails iu Vienna, 
requiring the mortar to be a year old before it is employed. 
But there is nothing which fliows, in fo ftriking a point of 
view, the advantage and ncccCity of beating mortar, and 
that the effect produced is owing to foincthing more than a 
mere mechanical mixture of the in *rcdhnt$, as the prepara- 
tion o f grout, or liquid mortar. This differs fiom common 
mortar only in containing a larger quantity of water, fo as 
to be fufficiently fluid to penetrate the narrow irregular in- 
terlaces of rough ilone wa’.ta, and is generally made by di- 
luting common mortar with water, either cold or hot* It 
not (infrequently happens, that this grout refufes to fit, and 
at all times it is a long while in acquiring the proper hard- 
nefs ; but if, inltead of common mortar, that which has been 
long and thoroughly beaten is employed, the grout will fet 
in the fpace of a day, and foon after acquires a degree of 
hardnefs much fuperior to what is made in the common 
manner. 

§2. Water Cements, 

Although a well made mortar, compofed merely of fand 
and lime, if allowed to dry, becomes impervious to water, fo 
as to ferve for the lining of refervoirs and aqueducts ; yet if 
the ctrcumftances of the building are fuch as to render it im- 
practicable to keep out the water, whether frefh or fait, a 
sufficient length or time, the ufe of common mortar muft be 
abandoned ; for lime and fand, if mixed together in any pro- 
portions, and put, while foft, into water, will in a ihort time 
tall to pieces. 

Among the nations of antiquity the Romans appear to 
have been the only people who praftifed building m water, 
and efpeciallv in the fea, to any great extent. The bay of 
Baiae, like our fafhionable watering places, was the fumtner 
refort of all the wealthy in Rome ; who, not content with 
creating their villas as near the fhore as poffible, were ac- 
cuftomed to con(lru& moles, and form fnull iflands, in the 
more (heltered parts of the bay, on which, for the fake of 
the grateful coolnefs, they built their fummer houffs and 
pav. lions. They were enabled to build thus fecurely in the 
water by the fortunate difeovery, at the neighbouring town 
of Puteoli, of an earthy fubflance, which, from this circum- 
ftance, was called pul vis Putcolanus (powder of Ptttcoli.) 
Puteolan powder, or as it ia now denominated puzzolana, 
is a light, porous, friable mineral, of a red colour, and is 
generally luppofed to duive its origin from concreted vol- 
canic afhes, thrown out from Vefuvius, near to which moun- 
tain the town of Puteoli is fituated. It feems to confift of a 
ferruginous clay, baked and calcined by the force of volcanic 
fire, and when mixed with common mortar, not only enables 
it to acquire a remarkable hardnefs in'thc air, but to become 
as tirm as (tone, even under water. The only preparation 
which puzzolana undergoes, is that of pounding and lifting, 
by which it i3 reduced to a comic powder ; in this ilate being 
thoroughly beaten up with lime, either with or without ’and, 
it forms a mafs of remarkable tenacity, which fpeedily fas 
under water, and becomes at lead as drong as good free- 
ilonc. 

It has been before obferved, that a composition of pure 
Jime and fand alone will not harden under water, but limes 
containing a portion of clay ppiTefs this property in a con- 
fidcrablc degree, and arc therefore generally ufed in, water 


building. The cement ufed by Mr. Smeaton, in the con* 
ftrudion of the Eddy 11 one lighthoufe, was compofed of 
equal parts by mcafnre of flaked Aberthaw lime and puz- 
zolana. The peculiar difficulties of this undertaking, ex- 
pufed to the utmuft violence of the fea, rendered thefe pro- 
portions advifable ; but for works that arc lefs ixpofcd, luch 
as locks and bafons for canal?, 5c c. the quantity of puzzo- 
lana may be co’ifidcrably diminifhed. A compofition of this 
kind, which has been found very efte&ual, is a bulhels of 
flaked Aberthaw lime, 1 bufhtl of puzzolana, and 3 of 
clean fand ; the whole being well beaten together will yitld 
4.67 cubic feet of cement. 

The Dutch have pra&ifed building in water to a greater 
extent than any other nation of modern Europe ; and to 
them is due the difeovery of a cement admirably well adapt- 
ed for this purpofe, and called tarras or trafs. This is 
nothing more than wakkc, or cellular hr fait, and is procured 
chiefly from Bockenhrim, Frankfort on the Maine, and An- 
dcrnach, whence it is tranfported down the Rhine in large 
quantities to Holland. This fubflance being, by grinding 
and lifting, reduced to the conflftence of coarfefand, is ufed 
in the compofition of mortar, with the blue argillaceous lime 
from the banks of the Scheldt, in the following method. 
They take of the quick-lirne about the quantity which will 
be wanted during a week, and fpiead it in a kind of bafon 
rn a ftratum of a foot thick, and fprinkle it with water. It 
is then covered with a ftratum of about the fame thicknefs 
of tarras, and the w hole fuffered to remain for two or three 
days, after which it i9 very well mixed and beaten, and 
formed into a mafs, which is again left for about two days ; it 
is then taken in frnall quantities, as it is wanttd for daily 
confumption, which arc again beaten previous to ufing. 
Thus is compofed the celebrated tarras mot tar with which 
the mounds and other couftrudtions for the purpofe of pro* 
te&ing the lowlands of Holland againll the fea are ce- 
mented. 

Tarras is frequently ufed in this country, being imported 
from Holland lor that purpofe. The proportions of the 
materials of the tarras mortar generally ultd in the confl ruc- 
tion of the belt water works is the fame as the Dutch prac-* 
tife. One meafure of quick-lime, or two rr.eafures of flaked 
lime in the dry powder, is mixed with one meafure of tarras, 
and both very well beat together, to the confidence of a 
pafle, tiling as little water as poffible. Another kind,aImoft 
equally good, and coniiderably cheaper, is made of two mca- 
lurca ot flaked lime, one of tirras, and three of coatfc fand ; 
it requires to be beaten a longer time than the foregoing, 
and produces three mcafures and a half of excellent mortar. 
When the building is conltradted of rough irregular Hones, 
where cavities and large joints are to be filled up with ce- 
ment, the ptbble mortar m^y be moll advantageoufly applied ; 
this was a favourite mode of conllruttion amorg the Ro- 
mans, and has been ufed ever fince their time in thofe works 
in which a large quantity of mortar is required. Pebble 
mortar will be found of lufficitnt compa&ncfs if compofed 
of two tntafures of flaked argillaceous lime, half a meafure 
of tmras, or puzzolana, one meafure of coarfc fand, one of 
fin' ■*nci, and four of fmall pebbles, fcrceiud and waffled. 

i . only under water that tarras mo tar acquires its proper 
haiu .efs; for if fuffcrtl to dry by expofure to the air, it 
never fet9 into a fubflance fo firm as if the fame lime had 
been mixed with good chan common fand, but is very friable 
and crumbly. Afli mortar is reckoned to be fuperior for 
works that are fometimes wet and iomc times dry, but tarras 
has the advantage when conftautly under water. Tarrao 
mortar when kept always wet, and confequcntly in a Ilate 
molt favourable t% its cementing principle, throws out a 



fubftance fomethuig like the concretions m limeflone caverns 
called fhlaflitcs, which fubftance acquires a confiderablc 
hardnefs, and in time becomes fo exuberant as to deform the 
face of the walls. 

Although the cellular bafalt is the only kind admitted into 
the preparation of Dutch tarras, yet it appears from forne 
good experiments of Morveau on the fubjc£t, thaft the com- 
mon compad bafalt, ifprevioufly calcined, will anfwer nearly 
the fame purpofe. Great Britain is at a confiderablc annual 
expence in purchafing tarras from Holland ; it may be worth 
while, therefore, to point out forne of our domellic treafures 
of the fame material. The compact bafalt abounds in all 
the diilrids where coal is raifed, and may therefore be pro- 
cured cafily, and calcined with the refufe coal, fo as to be 
fold at a cheap rate. The Cal con hill, adjoining to Edin- 
burgh, con fill 8 almoft entirely of cellular bafalt, and being 
but at a fhort diltancc from the port of Leith, offers an in- 
cxhauftible abundance at a fmall cod. 

In fome parts of the Low Countries coal afhes are fubflt- 
tuted for tarras with very good efFcd ; of winch the valuable 
eendrec de T ournny is a linking inllance. The deep blue 
argillo-ferruginous limetlone of the Scheldt is burnt in kilns 
with a flaty Kind of pit-coai that is found in the neighbour- 
hood. When the calcination of the lime is completed, the 

! )ieccs arc taken out, and a confiderablc quantity of dull and 
mall fragments remains at the bottom of the kiln. This re- 
fufe confining of coal alh mixed with about'on e-fourth of lime 
dull, is called thccendrce, and is made into a mortar with lime 
in the following method. About a bufiiel of the materials is 
put in any fuitablc veflel, and fprinkled with water juft fuf- 
ficient to flake the lime ; another bufhel is then treated in the 
fame way, and fo on till the veflel is filled. In this date it 
remains fome weeks, and may be kept for a much longer 
time if covered with moifl earth. A firong open trough, 
containing about two cubic feet, is filled about two-thirds 
full with the cement in the above date, and by means of a 
heavy iron pedlc, fufpended at the end of an eladic pole, is 
well beaten for about half an hour : at the end of this time it 
becomes of the confidence of foft mortar, and is then laid in 
the (hade from three to fix days, according to the dryntfs of 
the air. When fufficiently dry, it is beaten again for half 
an hour as before, and the oftener it is beaten the better will 
be the cement ; three or four times, however, are fufficient 
to reduce the cement to the confidence of an uniform fmooth 
pade ; after this period it is apt to become refra&ory on ac- 
count of the evaporation of its water, as no more of this 
fluid is allowed to enter the compofition than what was at 
firft employed to flake the lime. The cement thus prepared 
is found to poflefs the Angular advantage of uniting in a few 
minutes fo firmly to brick or done, that dill water may be 
immediately let in upon the work without any inconvenience, 
and by keeping it dry L; 24 hours, it has nothing further to 
fear from the mod rapid current. 

A compofition very fimilar to the preceding in materials, 
which are coal cinders and lime, though feldom prepared 
with any attention, is the blue mortar, commonly ufed in 
London for fetting the coping of buildings, and other works 
much expofed to the weather. 

Afli mortar is ufed in fome parts of England. It is pre- 
pared by ’flaking twobuihels of frefh burnt meagre lime, and 
mixing it accurately with three bufhels of wood afhes : the 
mafs is to lie till it is cold, and is then to be well beaten : in 
this date it will keep a confiderablc time without injury, and 
even with advantage, provided it is thoroughly beaten twice 
or thrice before it is ufed. 

The feales of black oxyd, which are detached by hammer- 
ing red*bot iron, and arc therefore to be procured at the 
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forges and blackfmiths (hops, have been long known as an 
excellent material in water cements ; but we believe that 
Mr. Smcaton was the firft perfon who made any accurate 
experiments on their efficacy, compared with other fub- 
ftances. The feales being pulverifed and lifted, and incor- 
porated with lime, are found to produce a cement equally 
powerful with puzzolana mortar, if employed in the fame 
quantity. Induced by the fuccefs of thefe experiments, 
Mr. Smeaton fubdituted roaded iron ore for the feales, and 
found that this alfo gave to mortar the property of fetting 
under water ; it requires, however, to be ufed in greater pro- 
portions than either tarras or puzzolana; two bufhels of argil- 
laceous lime, two of iron ore, and one of fand, being care- 
fully mixed, produce 3.22 cubic feet of cement fully equal to 
tarras mortar. If the common white lime is made ufe of, it 
will be advifable to employ equal quantities of all the three 
ingredients. 

Withrtfpeft to the water ufed in the preparation of water 
cement 3 , that of rivers or ponds where it can be had cafily, 
is to be preftrred to fpring water ; but for works expofed to 
the a£tion of the fea, fuen as piers, light-boufes, &c. it is 
ufiially more convenient and equally advantageous in other 
refpefts to ufe fait water. 

rumice done, brick, and tile dud, arc alfo recommended 
for water cements, but thtir only advantage feems to be an 
abforbent quality, which caufes the mortar made with them 
to fet fooner, and therefore acquire 4 greater hardnefs in the 
fame time, than mortar compoled of fand and lime alone, for 
they have no power of hardening under water. 

The Loriot mortar is a compofition which has acquired 
confiderablc celebrity in France, and has been employed in 
fome large works. It was invented about 40 years ago by 
Mr. Loriot, who imagine* that he hasdifeovered the procefs 
ufed by the Romans. The principle of this invention con- 
fids in adding to any quantity of mortar made in the ufual 
way with lime and fand, bat prepared rather thinner than 
ufual, a certain proportion of quick lime, in powder. The 
lime powder being well incorporated with the mortar, the 
mafs heals, and in a few minutes acquires a confidence, equal 
to the bed Paris plaller, and is as dry at the end of two days, 
as an ordinary cement after fevcral mouths. It alfo, when 
the ingredients are well proportioned, fets without any 
cracks. The quantity of lime powder to be added, varies 
from J to i of the other materials, according to the quali- 
ties of the lime; too much burns and dries up the mafs, and 
with too little, it lufes its peculiar advantages ; thus the pro- 
portions, a point of the utmod importance, can only be de- 
termined by experiment. It is its fpeedy deficcation which 
rendered the Loriot mortar ufeful as a water cement, for 
under water it has only the common properties of a compofi- 
tion of lime and fand of equal folidity ; indetd for this pur- 
pofe various fubdances, commonly ufed in cements, are re- 
commended to be added, fuch as brick and tile powder, and 
forge feales. The following is, an approved receipt. One 
meafure of bricks cxadly pounded, two meafures of fine river 
fand, old flaked lime in fuificient quantity to make a mortar 
in the ufual manner and fufficiently liquid to quench the lime 
powder which is added in about the fame quantity as the 
pulverifed brick. 

It is fufficiently extraordinary, that a proccfs, perfectly 
fimilar to that of M. Loriot, is deferibed in a “ Treatifc on 
Building in Water, by George Semple , 1 ” printed at Dublin, 
1776. In difeourfing on the good qualities of the roach- 
lime of Ireland, Mr, Semple remarks, that, “ it has fome 
ufeful qualities not much known among the generality of 
workmen, as, for inftancc, our lime-ftone will make exceed- 
ing good tarras for waterworks, for which purpofe, you are 
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to prepare it thus# Get your roach-lime brought to you hot 
from the kiln, and immediately pound, or rather grind it, 
with a wooden maul, on a dry, boarded floor, till you make 
it as fine as flour ; then, without lofsof time, fift it through 
a coarfe hair or wire ficve, and, to the quantity of a hod of 
your fetting mortar, (which, on this account, ought to be 
poorer than ordinary,) put in two or three fhovels-full of 
this fine flour of the roach-lime, and let two men, for 
expedition fake, beat them together with fuch beaters 
as the plafterer make ufe of, and then ufe it immediately. 
This, I can affurc you, will not only (land as well, but is 
really preferable to any tarrai.” The memoir of M. 
Loriot was pviblifhed in 1774, only two years previous to 
this treatife of Semple, who appears to have been a man 
rather of practice and experience than of reading ; and, 
befides, in the book quoted from, he exprefsly, though in- 
cidentally, mentions his ignorance of the French language. 
We are juftified therefore, in Rating, that the knowledge of 
the advantages of mixing quick lime powder in mortar was 
not confined to M. Loriot, though it might be an original 
invention in him, and he was the firlt who drew public at- 
tention to theproccfs, and ufed it in any confiderable works. 

§ 3. Maltha , or Majlich. 

Under this term we include thofe calcareous cements of a 
more complicated kind, whole hardnefs appears to depend 
on the oily or mucilaginous fubftanccs that enter into their 
compofition. The ufe of thefc is at prefent very limited, at 
lead in Europe, but they were highly efteemed by the an- 
cients, efpecially for ftucco. The maltha of the Greeks 
Items to have been more fimple than that employed by the 
Roman architefts ; at lead we are informed that Pansenus, 
the brother of Phidias, lined the infide of the temple of 
Minerva at Elis with a ducco, in which the ufual ingre- 
dients, fand and lime, were mixed up with milk inftcaa of 
water, fome faffron being alfo added to give it a yellow 
tinge. The Roman maltha, according to Pliny, was pre- 
pared in the following manner. Take frelh burnt hrne» 
flake it with wine, and beat it up very well in a mortar wkh 
hog’s lard and figs : this cement, if well made, is excelGv^y 
tenacious, and, in a (hort time, becomes harder than ftone ; 
the furface to which it is to be applied is to be previously 
oiled, in order to make it adhere. Another kind, almolt 
equally ftrong, and conliderably cheaper, was prepaid by 
beating up together fine flaked lime, pulverized iron-£cales 
and bullock’s blood. 

In the preparation of maftichs, as well as of every other 
kind of mortar, fo much depends on the manipulation, 
and efpecially on the care which is taken to incorpo- 
rate the ingredients by long beating, that thofe countries 
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in which labour is of the lead value poflefs, in general, 
the belt mortar, Hence, no doubt, principally anfes the 
unrivalled excellence of the mortar made by the Tunifians 
and othtr inhabitants of the northern cooft of Africa, 
which, according to Dr. Shaw, is prepared in the fol- 
lowing manner. One meafure of land, two of wood- 
afhes, and three of lime, being previoufly lifted, are mixed 
together, and fprinkled with a little water ; after the mals 
has been beaten fome time a little oil is added : the beating 
is carried on for three days fuccelfively, and, as the evapora- 
tion in that hot climate is confiderable, the cement is kept 
at the proper degree of foftnefs by the alternate addition of 
very fmall quantities of water and oil. The cement being 
completed, is applied in the ufual manner, and fpeedily ac- 
quires a llony hardnefs. The laft fpecies of maltha that we 
(hall mention is the celebrated ebunam of India, where it 
has been ufed from time immemorial. The method in 
vhich it is prepared at Madras is as follows. 

Take 13 bufhels of pit fand, and 1 j bulhels of Hone-lime | 
flake the latter with wattr ; and when it has fallen to pow- 
der, mix the two ingredients together, and let them remain 
untouched for three cays. In tne mean time difiolve 2olbs. 
of molaifcs in water, boil a peck of gramm (a kind of pea), 
to a jelly, boil a peck of mirabolans alfo to a jelly, mix the 
three liquors, and incorporate part of the mixture very accu- 
rately with the lime and fand, fo as to make a very fluid ce- 
ment: fome (hort tow is now to be beaten very well into it, and 
it is then fit for ufe. The bricks are to be bedded in as thin 
a layer as pofliblc of this mortar ; and, when the workmen 
leave off, though but for an hour, the part where they re- 
commence working is to be well moiltened with fome of 
the above liquor, before the application of any frelh mortar. 
When this is ufed for (lucco, the white of four or five eggs, 
four ounces of butter or fefamum oil, and a pint of butter-, 
milk, are to be mixed up with every half bulhcl of cement, 
and the compofition is to be applied immediately. 

It is to be regretted, that no experiments have been in- 
ftituted to afeertain thecaufe of the induration of calcaieous 
cements. It is attributed by Dr. Higgins to the abforption of 
carbonic acid ; but feveral circumttances contradift this fup- 
pofition. In numerous inftancts the cement hardens long 
before the lime is faturated : in the different kinds of mal- 
tha the lime combines with the albumen, mucilage and oil 
with which it is in contad, and in all probability takes up 
little or no carbonic acid ; and, if it be true, that the lime 
in old mortar cannot by burning be re-converted into quick 
lime, this would imply a chemical union of the ingredients f 
and it may reafonably be queftioned whether, even in the 
fimple calcareous cements, carbonic acid ads fo important a 
part is is ufually attributed to it. 



Chaff-Cutter 


Chaff -Cutter, in Rural Economy , an implement con- 
ftru£ted for the purpofe of cutting hay, ftraw, and other 
fubftances into chaff. Inftruments of this fort confifted 
formerly limply of a box and a cutting blade ; but they are 
fit prefent much improved, being made of different forms and 
conftru&ions, fo as to perform the work with greater eco- 
nomy and difpatch. Mr. Cook has invented one, which, 
by means of a man and boy, will cut one hundred quarters 
a wetk ; and when fixed to a large wheel, and turned by an 
animal, fuch as a poney or afs, will cut half the above 
quantity per day. Another contrived by Mr. N-'i'tr is 
capable of cutting three quarters an hour, by the aflillandc 
of two men, and cods about ten guineas. An inftrument 
for this purpofe, made by Mr. James Pihe, is likewifi both 
cheap and of the mod Ample conftruflion. It is fixed on a 
wooden frame, which is fupported with four legs ; and on 
this frame is a box for containing the draw, four feet fix 
inches long, and about ten inches broad : at one end are 
fixed acrofs the box two rollers, inlaid with iron, in a dia- 
gonal line, about an eighth of an inch above the furface ; on 
the ends of thefe rollers are fixed two ftrong brafs wheels, 
which take one into the other. On one of thefe wheels is a 
contraft wheel, whofe teeth take in a worm on a large ar* 
bour ; on the end of the arbour is fixed a wooden wheel, 
two feet five inches diameter, and three inches thick. On 
the inner part of this wheel is fixed a knife, and at every in- 
volution of the wheel the knife paffee before the end of the 
box, and cuts the chaff, which w brought forward between 
the rollers, which are about two inches and a half afundcr. 
The draw is brought on by the worm taking one tooth of 
the wheel every round of the knife : the draw being fo hard 
preffed between the rollers, the knife cuts off the chaff with 
lb great cafe, that twenty-two bufhtls can be cut within the 
hour, and makes no more uoife than is caufed by tht knife 
palling through the chaff. It con lids of the box into which 
the draw is put, aud an upper roller, with diagonal projeft- 
ing ribs of iron ; the whole moving by the revolution of the 
brafs wheel, on the axis of which it is fixed. Another 
brafs wheel has upon it a face wheel, whofe teeth take 
into the endlefs ferew on the arbour, while the teeth on the 
edge of this wheel enter between thofe on the edge of the 
other wheel. On the axis of the latter brafs wheel is a roller 
with iron r*bs, fimilar to the above, but hid within the box. 


The arbour has one of the ends of which t is compofed 
made fquare, and palling through a mortife in the center of 
the wooden wheel, which is fattened by a drong ferew and 
nut ; the other end of this arbour moves round in a hole 
within the woodtn block ; and the knife is made fad by 
ferews to the wooden wheel, and kept at the diftance of 
nearly three quarters of an inch from it, by means of a drip 
of wood of that thicknefs, of the form of the blade, and 
reaching to within an inch of the edge. The handle is mor- 
tifed into the outfide of the wooden wheel. 

An improved machine of this fort ha» been invented by 
Mr. Robert Salmon, of Woburn, Bedford (hire, and de* 
feribed in the Tranfa&ions of the Society for the Encou- 
ragement of Arte, See. With it the chuff 19 cut by two 
knives, fixtd on the infide of the fellies to two wheels, 
which are Itrongly connected together; the edge of the 
knives being at an angle of about forty-five degrees from the 
plane of the wheel's motion. Thefe knives are fo fixed as 
to be forced forward by fpriugs on the w heel, which lprnga 
arc formed to adjud, and oft more or kfs, as nccafion may 
require, fo as to give the knives as much preffure agaitdl the 
box as may be requifite to cut the draw. The knives arc 
prevented from coming too forward, and occafioning unne* 
ceffary friftion, by wedges being put in under the liaplts 3 
which wedges* as the knives wear, mud be drawn out fo as 
to admit the knives to come more forward. With the be- 
fore-mentioned provifions, it will be found very eafy at any 
time to put on new knives, as the fprings, dec. will always 
adjull them to their work. 

On one fide of the wheel is fixed a round block of wood, 
in which there are four holes and a moveable ferew ; to this 
block is (crewed one end of the feeding-arm, running neatly 
horizontally to the crofsbarat the end of the box ; to which 
crofs bar there is a pin, moveable to five different hobs, by 
means of which, and the four holes in tht block before de- 
fer! bed, twenty changes in the length of the chaff n ay be 
obtained. The draw is broug 1 1 foiward by the rollers in 
the box, the form of which has been jud deferibed, which 
rollers arc turned from the outfide by the triggers or ratchet- 
wheels on each fide of the box, which move more or left, ac- 
cording to the itrokc given to the crofs bar by the feeding* 
arm and wheel* By this mode of feeding, the ftraw is per-* 
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fc&Iy at reft, and docs not prcfs forward at the time of the 
knife cutting ; and, by means of the pins being taken out 
of the croft-bar, the feeding is inftantly thrown off, al- 
though the wheel and knives may continue their motion. 
Under the box is fufpended the prefling weight, which may 
be made more or lefs powerful by drifting the weight on the 
bearer to which it hangs, and alfo may be thrown on either 
fide, more or lefs, as ocrafion may require ; which will be 
found ufcful, in order to force the ftraw towards the knife, 
and to counterbalance the ratchet-wheel of the upper roller. 
Near the fulcrum of this bearer is fixed a chain, the upper 
end of which is fufpeirded from a r lkr $ at each extremity 
of which is a fmall bar of iron, joined to the end of the up- 
per fpiked roller, by which means the ftraw is always equally 
prefled in palling the two-fpiked rollers. The winch by 
which the machine is turned is of the common kind, and 
the frame of the machine is to be made very firm and 
ftrong. 

In order to apply this implement to the bed advantage, 
the inventor proposes a feeond box, to be placed at the c ud 
of the firft ; which box may be of any length, and fuf- 
pended by a line and counter-weight, whereby the end of it 
is brought down level whilft fill»ncr with ftraw, and then 
drawn up, fo as to give the box a declivity, to make the 
flraw more eafily come forward. 

It is fuppofed that much advantage may be derived in this 
inftrument from its cutting various lengths, retting during 
the cut, the knives being adjufted to their work by regulat- 
ing fprings, the feeding being readily thrown off, and the 
preffure moveable to either fide. It is alfo ivell calculated 
to be applied to any power which may be occafionally fixed 
to the oppofite fide to that on which it is turned by hand ; 
and, by the additional box, when ufed by hand, the work- 
man will be enabled to cut for fome continuance, without 
itdppiug to feed. 

Where thrtfhing machines are in ufe, thefe implements 
may frequently be attached to them with great advantage. 
There arc many other inftruments of this fort conftrtj&cdin 
diff rent ways ; but thofe which are the lead complex, and 
can be afforded at the cheapcft rate, are the mod adapted to 
the purpofe of the farmer. See Cutting-Box. 

The above machine, as confidcrably altered and im- 
proved by Mr. Rawutree, is seen in Plate VII. on Agrkul- 
tare , in which Jig. i. is a fide, and Jig. i. an end view of it. 
The advantages of this implement are, id. Its great Sim- 
plicity ; 2d Its cutting the chaff of various lengths j jd, 
The ftraw biing at reft while the knives are making the 
cut ; 4th, The fri&ion being lefs, more work of courte may 
be done with equal labour. 
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A, is the handle, 

B, B, the fly-wheels on which the knives are fixed. 

C, the ratchet-wheels, and rollers for drawing the ftraw 
forwards. 

D, the rods to work the ratchet-wheels, connc&ed with 
the lever and crank. 

E, the box for containing the ftraw. 

F, the lever and weight tor preffing the ftraw. 

G, the knives. 

H, the crank for regulating the cut, 

I, the frame. 

At fig. <j. is reprefented Mr. M'Dougall’s patent chaff- 
cutter, which is a very ufeful iuftrument of this kind. Ir. 
this machine the inventor has been particularly careful fo to 
conftruA it, that, in cafe it (hould be accidentally broken, 
it might be eafily repaired by any common mechanic. The 
iubftance to be cut into chaff may be preffed as hard as the 
workman choofcs, by fimply placing the weight near to the 
end of the lever. But the chief excellence of the iuftrument 
confifts in the inventor having judicioufly applied a fpiral 
groove in the room of the endlcfs ferew, commonly uled by 
other agricultural inftrument-makers, by means of which he 
has in a great degree got rid of fri&ion ; and the lever may 
rife to any height, without putting the machine out of 
work. 

It has been remarked by Mr. Young, that the number of 
machines which have been invented of late years for this 
purpofe, moft of which perform their work with fufficient 
accuracy, leaves no farmer in the kingdom under the nectflity 
of employing the common chaff-box, which is worked by 
thofe only who have acquired the art of making ufe of it, 
and who commonly make much greater wages per day than 
the ordinary pay. He obferves that there is a very good 
machine of this fort made at Thetford, which only colls 
eight guineas. It has been obferved by a late practical 
writer, that as the principal obie&s aimed at in the conftruc* 
tion of thefe machines are thole of expedition and the leffcn- 
ing of manual labour, it is evident that many of thofe of the 
improved kind muft anfwer fuch purpofes much more ef- 
fectually than fuch as were formerly in ufe, efpccially where 
they are attached to any great power, fuch as that of horfes, 
water, See. as in the cafe of thrtfhing machines, or other 
mills, to which they are in general well fuited, as has been 
noticed above. 

Mr. Page of Cobham has, according to Mr. Young, at 
the trifling expence of only five pounds, added a mill-wheel 
to his chaff-cutter, bv which means a boy and a little poney 
cut twenty bufhcls of chaff per hour. 
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CHALK. The colour of this mineral is yellowifh white, 
more rarely fnow-whitc, or greyifti white : when contami- 
nated with iron it has more or lefs of an ochery tinge. It 
occurs generally in mafs, fometimes difleminated, or inverting 
other minerals. It is without luftre, is opaque, has a fine 
earthy fra&nre, and breaks into blunt.edged angular frag# 
ments. It rtains the fingers* gives a white ftreak, and* when 
pure* is very foft, and almoft friable. It has a meagre feel, 
and adheres to the tongue,. Sp. gr. 2.3. It effervefees vio- 
lently with acids. When mixed with iron it is both harder 
and heavier. 

In a date of purity, chalk appears to be compofed only of 
water, lime, and carbonic acid ; but Mr. Kirwan obtained 
from the analyfis of a fpccimen, 

S 3 Lime 
42 Carbonic acid 
3 Water 
2 Alumine 

100 


Chalk, confidered geologically, is among the molt recent 
in formation of the feveral varieties of carbonat of lime. It 
occurs in thick beds nearly horizontal, alternating with thin 
layers of flint nodules, and with the fame irregularly difperfed 
through its fubrtance. It contains in abundance the relics of 
marine organized bodies, fuch as cchinites, gloflopetra, pec- 
tinit€8, &c. 5 and alfo, not unfrequcntly, the hard parts of 
amphibious and land animals, fuch as the heads and vertebra 
of crocodiles, and teeth of elephants. 

Beds of chalk are of frequent occurrence in the eaft and 
fouth parts of England, alfo in the north call of France. 
Chalk is alfo met with in fome of the Danifh iflands in the 
Baltic, and in Poland. 

The ufes of chalk are very great. The more eompa& 
varieties are employed as building-ftone, and are burnt to 


quicklime : it is alfo largely ufed in polifhing metals and 
glafs, in conftru&ing moulds to cart metals in ; by carpen- 
ters and others as a material to work with, and by ftarch- 
makers and chemifts to dry precipitates on. 

Chalk, iH Agriculture, is a calcareous fubrtance, which, 
when pure, is of a white colour, moderate confiftuice, and 
dufty furface 5 rtains the fingers ; adheres (lightly to the 
tongue ) does not harden when heated, but, on the con- 
trary, in a ftrong heat burns to lime, and lofes about four- 
tentha of its weight. It effervefees with acids, and diflblvea 
almoft entirely in them. It may alfo be added, that this 
folution is not difturbed by cauftic volatile alkali, as this is 
a circumftancc that diftinguiihes it from magnefia. It has 
the property of promoting putrefa&ion. In its native ftate 
it is ufeful as a manure, upon the fame principle as limo- 
ftone ; but it is more eafiiy pulverized, and lighter, or more 
porous in its nature. Nearly the whole of this material is 
calcareous earth, whereas none of the marks contain more 
than a fourth part of that fubiiance. It is in high efteem 
in the more fouthern counties of England, where it abounds 
very much. Its beft effe&s are produced upon deep foils 
which contain no calcareous earth. It is obferved to have 
but very little effeft upon lands where the fubflratum is 
chalk ; and if the foil be thin, it does mifehief in fuch 
cafes, When ufed upon light thin foils, it is moftly made 
into comports with earth and dung, or fome other 
fimilar material. When thefe are well mixed together, and 
duly proportioned, they produce valuable crops ; and 
their influence is faid to continue many years, in fuch in- 
ftances. 

The common method of ufing this fort of comport is 
either by laying it upon fallows for wheat, and mixing it 
intimately with the foil by ploughing and harrowing, or 
upon grafs as a top-dreffing : in both cafes it has been found 
to anlwer well ; and in the latter it is found capable of de- 
ftroying mofs, ruftics, and all coarfe aquatic plants that grow 
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in heavy, four, or wet land#; while, in the former, it open# 
and pulverize# the foil, and never fail# to produce good 
crop# of that grain, or other kinds. 

In making life of it, it has been recommended that it 
ihould be broken a# fmall as poffible. It (hould be dug from 
the pit near the end of autumn, and be laid on the land im- 
mediately ; as at that feafon the air i# generally moift, the 
moifture will of courfe be abforbed by the chalk. Thia 
will occafion it to fwell, and break down into pieces ; and 
If froft (hould come on, it will much accelerate the bufinefs : 
but when it is dug in fummer, it lofe# its moifture, and ac- 
quires a hardnefs, which in a great meafure prevents it from 
being of any ufe. It (hould in no cafe be ploughed in till 
its parts are properly broken down and ft pa rated, and then 
it (hould be completely harrowed in and mixed well with the 
foil, or mould of the land. 

If the foil be thin and light, a certain proportion of dung 
will, it is faid, be ufcful ; but if it be heavy, the dung is 
afferted to It* (Ten the operation of the chalk. It is gene- 
rally thought that lands which have bten completely 
chalked will not bear a repetition of it for fome time. A 
compoft of it, however, may be ufed to great advantage. 
In the fouthern counties a field has been, it is obferved, 
chalked, and drifted with chalk and dung mixed, in portions 
alternately ; and the former has been found to produce very 
bad crops, but the latter veiy good ones. It is afferted, 
that laid on beyond a certain quantity, it will not only ceafe 
to opeiate a? a manure, but even prove hurtful to the land. 
It ought, therefore, to be ufed with caution, and due pains 
be taken not only to afeertain the ftrength of the chalk, but 
the quality of the foil on which it is to be laid, before the 
application is made. 

lint there can be no doubt that chalk is a lading manure, 
vd en apnhed on fuitable foils ; which are thofe of a cold, 
four nature, fuch as ftiff untrnlUhle clays. Pliny has re- 
ms 1 feed that it was the enftom of the ancient Britons to 
chalk th r ir l.u.ds. by which they received a great and lading 
im pro v< men t in the fertility of them. 

In regard to the different kinds of chalk which (hould be 
fliftinguiftitd hy the farmer, the hard, dry, and firm fort is 
much the fitted for burning into lime ; but that of the fat 
and un&uous kind by far the bell to be ufed in the crude 
data. 

It has been dated that in fome parts of Effcx they lay 
from five to eight waggon loads of chalk on an acre, either 
upon a clover lay while feeding, or on a fummtr fallow $ and 
that the effe£ of a very thin tirefling of it is feen immedi- 
ately to an inch, like that of rotten dung, and lails twenty 
years, fifteen in good heart. The foil is a loam ; they have 
alfo a little clay, and no fund : on gravels the effc& is but 
(light. They bring the chaik from Malden, whither it is 
brought by fea from Kent, and a w aggon load cods mcftly 
ten millings at the quay. It is rather hard ; the (harped 
froft# leave many lumps unbroken ; thefe they break u ith 
pick-axes. The effervefcence with vinegar is pretty con- 
fiderable, but in water it fcarcely falls at all. It is alfo a 
general opinion in that county, that laud which has been 
once chalked will not take it again ; they acknowledge, 
however, that when mixed with earth and dung it is then 
excellent. They obferve, that laying a flight dre fling of 
chalk and earth, or dung, on a field never chalked, will 
take fo much effeft, that the fame Hd will not anfwer to 
chalk completely. They obterve alfo, that the chalk pre- 
fently gives the land a red colour. And they are of opinion, 
that chalk is a great enemy to good graft ; and affirm, that 
a field which, before chalking, will run of itfelf to a fine ' 
bead of white dover, no longer doe# it after chalking. 
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There is no laying any thing againft experience : we Ihould 
not, however, draw general conclufions from partial experi- 
ments. Much of the effefi of manures depends upon the 
foil on which they are laid. About Enfield, as obferved in 
a paper in the Annals of Agriculture, the fame chalk doe# 
wonders, which at North Mims has very little effect : the 
one is a rich loam, the other a poor gravel. And near 
Sandwich, in Kent, chalk has been found in a very high 
degree to improve a fandy foil, giving it tenacity, and to- 
tally exterminating that pernicious weed the corn marigold, 
which is provincially called yellow bottle , huddle , or golds t 
and fo abundant in fandy foils. They lay on forty loads of 
forty buflicls each to an acre. Upon pafture land they think 
it does nothing. In Hertfordfhire it is thought that chalk 
makes the land plough much better, and renders all manures 
much more effeftual. If a field be divided into parts, one 
chalked, a fecond chalked and manured with dung or foot, 
a(he8, &c. and a third dunged or afhed without chalk ; al- 
though chaik alone has no effe£l, yet the other manure on 
the chalked part will have a much greater effr& than on the 
part where no chalk is laid. Fafts of this fort are highly 
intereiling, but want to be more corre&ly made. 

It has been remarked by the author of the Synopfis of 
Hufbandry, who has had much experience in a diftridfc 
where it abounds, that this manure, though it falls infinitely 
fhort of marl in its fertilizing quality, is nevertheleft pof- 
feffed of virtues which defervedly entitle it to the efteem of 
the farmer. By a proper application of this fubftance, the 
mod tenacious clays are, he fays, rendered friable and mel- 
low ; and thus, their native ftubbornneft and adhefion being 
overcome, the feveral particles of the foil are enabled to im- 
bibe the full benefit of the different changes of the atmo- 
fphtre 5 and hence they are brought to work kindly under 
the feveral operations of the plough, harrow, &c. and to 
produce ample crops of grafs or corn, which, before the 
application of this manure, they were incapable of bringing 
to perfe&ion. So great are the benefits accruing from this 
manure, when laid on a ftiff clayey foil, that the Effex 
farmers find their account in freighting barges from the 
chalk cliffs in Kent, and afterwards carrying it with their 
teams feveral miles up the country 5 all which, though at- 
tended with a heavy cxpence, is found to anfwer the pur- 
pofe extremely well, as it would, he think, be impoflible to 
reduce thefe ftubborn clays to a proper tilth without the 
previous application of thi* manure. Nor is it on clays only 
where chalk may be laid to advantage : gravels, cfpecially 
thofe which lie near the fp* igs, and all wet foift, may, he 
fuppofirs, be dreffed with this manure, which will never fail 
to meliorate and fweeten the ground, and enable it to re- 
tain longer the virtues of the dung that may be applied, 
which, on thefe hungry foils, is liable to difappear in a 
fhort time : nay, fo partial are fome farmers to the ufe of 
this manure, that he has known it carried on foils where the 
chalk lay within a few inches of the furface. 

It has been dated, that the a&ion of chalk on the foil 
is cither chemical or mechanical. It afts chemically as an 
abforbent, contributing to preferve dry thofe lands which 
are poachy and wet ; and by its attraction for acids it may 
hallen the putrefaction of vegetables. It adts mechanically, 
by entering into the compofition, and totally altering the 
nature of clay, converting it by proper pulverization into a 
fpecies of marl. By infmuating itfelf between the particle# 
of clay, it deftroys their adhefion 5 thus preventing it from 
becoming too hard in fummer, and too wet in the winter 
feafon. 

It is obferved by Mr. Bannifter that there are two method# 
of obtaining chalk. The firft is by uncallowing a piece of 
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’ground, and making it convenient for a pit, where the caits 
may be dnwn into it, and filled : this is on a prdumpnon 
that the clulk lies near the furface, and that the pit is wuh- 
),) * frmll dill a nee of the fi id on which the manure is to he 
la» 1 The other method is to fink pits in the field where the 
cliJk is intended to he laid as a manure, and which, in his 
Oivniou, i:> far preferable to that of drawing it in carts as 
before mentioned. In this cafe, a number of pits arc to be 
funk according to the extent of the fidd. Thefe pits are to 
be mule in the form and circumference of a well, with an 
apparatus at the top, and a bucket to draw up the chalk. 
T ic people who undertake this btiliucfs having been brought 
up to it bom their infancy, perform it, he fays, with great 
facility, an! without any timidity, though attended with 
much d in ger. A perfon is employed at the top to draw up 
the contents of the pit, (hoot the chalk into the ca«t, and 
wheel the fame on the land. When the labourer hns arrived 
at the chalk, which t.ik.’s up a longer orlefs interval of time 
according to tlr depth at which it lies, and has dug fome 
Jit tic tunc therein in the pcrpendicuhr form wherein he began 
the pi**, he proceeds to foiin apertures in different horizon- 
tal dirt.&iou& ; fo iIm! wlarc tlie chalk is good, and the pit 
jb.nds linn, large tracts of ground are undeimined fortius 
purpofe. The price for digging chalk i-., he fays, is. per foot 
till the chalk be found, after which for the chalk is. per load, 
vhu.ii is twelve bafkets ; and a penny per load for wheeling 
the chalk on the land, the farmer providing a borfe and cart 
for that purpofe. The quantity ufually laid on an acre is 
from eighty to a hundred loads. 

From this drfeription of chalk drawing, he fays, “ it 
is evident that much care and circumfptclinn arc required to 
prevent any deceit being impofed on the farmer by the 
workmen, to which their eagernefs of acquiring large wages 
will be a powerful inducement.” 

He adds, that “ the befl: chalk is that which is white 
and hard ; and the deeper it lies beneath the furfacc, the 
more efficacious is the dreffing fuppofed to be, as partaking 
lefs of the nature of the foil whereon it is to be applied as a 
manure ; indeed on a clayey foil it is feldom to be met with, 
but at a conliderable didance beneath the furface of the field. 
The moft eligible feafon, he fays, for the performance of 
this work is in the early part of the winter, as the chalk 
which is laid out at that leafon will, by aid of the fucceed- 
ing frods, be, in a great meafure, meliorated and reduced to 
crumbs at the time of fallowing in April ; whereas, ffiould 
the bufiuefs be deferred till the fpring, no inconfidirable por- 
tion of the chalk will remain in lumps till the next winter. 
From this negle&, a twelvemonth will be lod in point of 
time, as this manure will lie on the ground without anfwer- 
ing any good purpofe till the lumps (hall have been flacked 
by moidure and frods ; and that chalk is always mod highly 
efteemed which yields fooneft to the efifed of the weather in 
falling into crumbs. This manure may be laid on the ground 
in the fummer, without any other inconvenience than what 
has been before mentioned $ contrary to the opinion of 
fome people, who think that fuch chalk, having remained 
on the furface during the fummer months without ruming, 
will, on that account, be lefs fufceptible of the frods in the 
fucceeding winter : but this idea is erroneous $ and as it nr.y 
often fuit the economy of the farmer to lay this chalk out 
ks the fummer, cither from a neighbouring draw -pit, having 
at that time little other employment for two men and horfts, 
® r he may be inclined to fink a pit in the field at that 
time ; in either of thefe contingencies, the buiinefs may, he 
thinks, be fafely ventured upon in that feafon ; and it would 
be far better to fuffir the ground, which is thus fummer 
chalked, to lie unploughed till the fucceeding fpring, than 
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to crop it with wheat at the autumn after the manure is ap« 
pik'd ; for, having enjoyed the benefit of the frods in the fol- 
lowing winter, the ground will come in properly fora wheat 
feafon in the next year : and this may be generally efTedcd, 
be fays, where a perfon is inclined to lav on his chalk in the 
fummer. For inltancc, fuppofc a lay ground be intended 
for a fallow the next year, this may be chalked in the fum- 
mer time, with very little inconvenience or injury to the 
farmer, as the grafs which would have been produced from 
it bvtwetn muilnmmer and the following fpnng could have 
turned to little account.” 

It is conceived by the fame writer, “that when land is 
drtfled with chalk, the furface ought to be pretty thickly 
covered over, otherwife it will fail to anfwer the end of pul- 
verization, in which confilU the chief virtue of this manure : 
and though the expenee of chalking may appear confider- 
ableto thofc wha are uuacqua-ntcd with its e(Fe&s, the good 
coufcquences accruing to the future crops will be found in 
the end amply to co npenfate the primary charges, and from 
whatever caufe this improvement arifes, whether an imme- 
diate fertility be conveyed to the fo«l by the chalk, or whe- 
ther this driffi *g ads on the foil by dellroying its adhefion, 
and thus difpofesit to work more kindly, and to pait with its 
vegetative particles, which we»*e before l’o clofely united as 
not to be drawn forth by any other means : in whichever of 
thefe ways the chalk ads upon the land it matters, he 
thinks, very little to the farmer, fo that the intention be ac- 
compiifhed, namely, the acquifition of a more abundant 
crop. For his own part, fie is inclined to think that the 
chief virtue of the cha.k refidej in its power of correfting 
the adhefion of (tiff foils, and in its meliorating quality, 
and that it is much iwferi r to dung, in point of accelerating 
the growth of the crop; fo that where a ficH fias bce*n well 
d relied with this manure, which is faid to be of fo .ailing a 
nature as to (hew its good efftdis at the diilance of twenty 
years, it is by no means to be underilood, that this field is 
not to be dunged, or to have any further rddition of manure 
during this interval : on the. contrary, fuch ground ought 
never to lofe its turn of the dung-cart j and, indeed, on 
farms of a clayey foil, thofc fields only can be dunged to ad- 
vantage which have been previoufly chalked ; for experience 
hath demonllrated, that, without the application of this 
manure, dung will be of but fmall avail on thefe Aid 
foils. ” 

It is remarked further by the fame praflical writer, *• that 
on gravelly foils, where the fprings lie within a fmall dif- 
tance of the furfacc, it often happens that the water flows 
in before the chalk is found, and thus all further endeavours 
at that fpot are rendered abortive, and anothtr pit muft be 
funk in a different part of the field. Obftacles to this work 
fometimes, he fays, fall out from the light contexture of the 
foil, which does not unfrequcntly give way to the deftru&ion 
of the chalk-drawer. To the farmer, it may be of fome 
confequence to confider the nature of his land, ere he em- 
barks in this fchtmeof hufbandry ; as, if from circumftancca 
above-mentioned, be may have rcafon to think that his pit 
will not (land firm, it would be a matter of prudence to drfift 
from any further thoughts of finking a perpendicular pit, 
and change the mode of operation, by bringing his chalk 
from an uncallowed pit : but where it can be obtained at a. 
moderate expenee, and with a tolerable certainty of fuccefs, 
the preceding method is he thinks, certainly the moft eli- 
gible,” See Calcareous Earthy arid Makurs, 

In the chalking of land, the method purfued in Here- 
fordfhire, where the perfons employed in it fol'ow it as a 
trade, is the following, according to Mr. Walker: “a 
fpot is fixed upon, nearly central to about fix acres of land* 
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to be chalked. Here a pit, about four feet in diameter, is funk 
to the chalk, if found within twenty feet from the furface ; 
if not, the chalkers confider that they are on an earth pillar, 
fill up the pit, and fink in frefh places, till their labour is at- 
tended with better fuccefs. The pit from the furface to the 
chalk is kept from falling in by a tort of bafket-work, made 
with hazel or willow rods and brufhwood, cut green and 
manufa&ured with the fmall boughs and leaves remaining 
thereon, to make the bafket-work the clofer. The earth 
and chalk arc raifcd from the pit by a jaci-rowl on a frame, 
generally of very Ample and rude conftru&ion. To one end 
of the rowl is fixed a cart wheel, which anfwers the double 

I jurpofe of a fly and a flop. An inch rope of fufficient 
ength is wound round the rowl, to one end of which is fixed 
a weight, which nearly counterbalances the empty bafket 
fattened to the other end. This apology for an axis in pc- 
ritrochioy two wheelbarrows, a fpade, a (hovel, and a pick-axe 
are all the neceffary implements in the trade of a company 
of chalkers, generally three in number. The pit-man digs 
the chalk and fills the bafket, and his companions alternately 
wind it up and wheel its contents upon the land j when the 
bafket is wound up to the top of the pit, to flop its defeent 
till emptied, the point of a wooden peg, of fufficient length 
and ftrength, is thrutt by the perpendicular fpoke in the 
wheel into a hole made in the adjoining upright flandard of 
the frame to receive it. The pit is funk from 20 to 30 
feet deep, and then chambered at the bottom ; that is, the 
pit-man digs or ruts out the chalk horizontally, in three 
feparate dire&ions ; the horizontal apertures being of fuf- 
ficient height and width to admit of the pit-man’s working 
in them with eafe and fafety. One pit will chalk fix acres, 
Lying 60 loads on an acre. If more be laid on, and to the 
full extent of chalking, viz. 100 loads, then a proportion- 
able lefB extent of land than fix acres is chalked from one 

! ut. Eighteen barrow- fulls make a load, and the ufual price 
or chalking is 7d. per load, all expences included ; there- 
fore the expence of chalking at 60 loads per acre is iL ns. 
6d. ; and at 100 ditto, zl. iSs. 4d. As the chalk is can- 
fidered to be better the deeper it lies, and the top chalk, par- 
ticularly if it be within three or four feet from the furiace, 
very indifferent, and only fit for lime, or to be laid on roads, 
gateways, &c. the chalkers mutt be directed to lay by the 
chalk for the firll three or four feet in depth, to be applied 


to the above purposes 5 or, if not wanted, to be again thrown 
into the pit when filled up ; and alfo to pick out the flints 
from the chalk before it is carried on the land, for, if they 
are not narrowly watched, they will chalk with both.” 

It is added, that 44 Mr. John Hill of Coddicott farms up- 
wards of 1200 acres in the adjoining parifhes of Coddicott 
and Kimpton, a confidcrablc part of which is his own eftate. 
He has chalked many acres of land, and approves much of 
the pra&ice. He chalked a field of ftrong clay land in the 
autumn of 1793, laid on fixty loads to an acre, and the chalk 
where the pits were funk lay about ten feet from the furface. 
Mr. Walker viewed the field the 7th of Auguft 17945 it 
had borne a crop of peas fmee it was chalked, and was then 
under the plough, preparatory for a crop of wheat. The 
chalk was good, ana the land appeared to work well, though 
the chalk was not then thoroughly incorporated with the 
foil. Mr. Hill never lays more than 60 loads of chalk on 
an acre ; this he finds will not only make the land work 
much better, with lefs ftrength of cattle, but alfo, with a 
light coat of dung, or fpring dreflings occafionally laid on to 
quicken the vegetation, produce abundant crops for ten years; 
he then chalks again with equal fuccefs." 

This fort of work fhould proceed with difpatch during 
the fummer months in all cafes, and in the autumnal ones 
in many fituations where there is no danger of poaching the 
ground. Mr. Young fuggefts, that much advantage may 
be derived, in performing this fort of bufinefs, from the ufe 
of fmall three-wheeled carts, as the thiid wheel affords a 
fupport for the cart and load while filling, without the fill 
horfe, and of courfe One horfc may be fufficient for two 
carts, one being difeharged upon the land while the other 
is loading. See Manure. 

Chalk, black. See Slate. 

Chalk, brown . See Tripoli. 

Chalk, French. Sec Steatite. 

Chalk, fungous* See Ac.aaic mineral . 

Chalk, red . See Ores of Iron. 

Chalk, Jilver. See Agaric mineral and Arcentaria 
creia . 

Chalk, Spantjh . Sec Rteatitj. 

Chalk, yellow. See Tripoli. 

Chalk -drawings. See Drawing and Engraving. 
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CHARCOAL, in Chemi/lry, Under the article Carbon 
• re mentioned the chemical properties of charcoal j nothing 
further therefore remains to be deferibed except the method 
of preparing the fubftancc and a few other particulars inti- 
mately dependent upon it. 

Charcoal is prepared cither by burning or di filia- 
tion ; of thefe the firll is the limpleft, moll ancient, and ufual 
method, on which account we (hall begin with it. 

The bufinefs of charcoal burning takes place during the 
whole of ti e fummer months, and is lor the moll pait carried 
on in the woods to fine the expence of carriage. Two or 
three families commonly unite for this purpofe, dwelling in 
tents or temporary huts duiing the time in which they are 
thus employed for the convenience of being near their bufi- 
nefs. After they have felled the timber, and it is become 
fufficicntly dry, the procefs of converting it into charcoal is 
begun by raifing a plot of ground a little higher than the 
funounding furiace, and bringing it to a (lightly convex 
form by beating it, and thus forming a hard, dry, and folid 
floor. In the center of this area is placed a circle of flicks 
adjoining each other and compofing a vertical hollow cylin- 
der from three to four inches in diameter, and about fix 
feet high. Round this interior cylinder are ranged fuc- 
ceflivc concentric circles formed by truncheons from one to 
ten inches in diameter, care being taken that the truncheons 
in any one circle are of the fame diameter, and that one 
built of the larged wood be always fuccceded by one of the 
{mailed wood, in order that there may be as few interlaces as 
poffible. The outermod circle is compofed of brufh-wood. 
When the pile meafures from twenty to thirty feet in diame- 
ter, it is fufficiently large \ a coating is now laid on of turf, the 
grafly fide next to the wood, and dry earth is heaped up 
round the bottom of the pile, and well rammed in order to 
prevent the admiffion of air. Three or four fereens formed 
of large hurdles well duffed with brufhwood, are alfo pre- 
pared in order to prote& the pile from the violence of the 
wind. All the preparations being now completed, the pile 
is kindled by dropping lighted chips down the hollow cylin- 
der in the center, which, in proportion as they are confumtd, 
are fupplied by others during the firll three or four days, at 
the end of which period, the kindling of the pile is com- 
pleted. The top of the cylinder is now clofed, and a row of 
holes, each about two inches in diameter, is pierced at the 


bafe of the pile, by which the requifite quantity of air is fop- 
plied, and a paflage is afforded for the fmoke and vapours. 
When the fmoke nearly ccafts to ifluc from thefe holes, a 
fecond row is opened, about fix or eight inches above the 
firll, which are now clofed ; in this manner the fire is con- 
duced to the top of the pile in about a fortnight ; at which 
time the pile is covered up with earth as accurately as pof- 
fible, till the fire is completely extinguifhed. Thole pieces 
that ar t found not to be fufficicntly charred are called brands, 
and arc employed as fuel for the next fire. 

Although charcoal prepared by the above method is fully 
adequate to all the purpofes of fuel to which this fubflance 
is applied, yet in the manufa&urc of gunpowder, and for 
fome other ufes, it is of cfleutial importance to procure a 
charcoal of greater purity than common. This was formerly 
done by fele&ing the Hems of willow, alder, and fome other 
of the aquatic trees, and charring them in the ufual manner, but 
with peculiar care. Of late, however, a confiderable im- 
provement in the preparation of the liner charcoal has taken 
place, by charring or diddling the wood in clofed iron cy- 
linders. For this purpofe a large cylinder of call iron fixed in 
mafonry over a grate, and furnilhed at one end with a door 
capable of being accurately clofed, and terminating at the 
other in a curved pipe, is filled with the chips of any kind of 
wood ; the door being then clofed, and a fire lighted in the 
grate, the empyreumatic acid and all the other volatile parts 
of the wood are driven off by the heat, which is increafed 
till the contents of the cylinder are red hot. The fire is 
then withdrawn, the cylinder is allowed to cool, and a 
black fhining and remarkably pure charcoal (in greater pro- 
portion alfo to the quantity of wood employed than by the 
ufual way) is procured, admirably fitted for the ufe of the 
gunpowder-makers, and apparently pofTcffed of the fame 
qualities from whatever kind of wood it is made. 

The proportion of charcoal yielded by particular woods it 
liable to be fo materially affedb d by the age, and the dry- 
nefs of the wood, as to rendet it aimoil impoifiblt to obtain 
any correft refult in the great way. The following table, 
from experiments in the fmall way by Mr. Mulhet, will, 
however, be found to be interefling, as all the woods before 
being charred were thoroughly dried and prepared, as nearly 
as poffible in the fame circumftances. 


too Farts of Lignum vitae afforded 26.0 
Mahogany - - 25.4 

Laburnum - - 24,5 

Chefnut - -23.2 

Oak - - 22.6 

Holly • - 19.9 

Sycamore • - 19.7 

Walnut - - 20.6 

Beech - - 19.9 

Norway pine - 19,2 

Elm - - 29,3 

Sallow - - 18.4 

A(h - - i7*9 

Birch - • 17.4 

Scottifh pine - 16.4 


of Charcoal of a greyifh colour refembling coak 

- - tinged with brown, fpongy and porout 

• - velvet black, compaa, very hard 

• - gloffy black, compaft, firm 

- - black, cloff, very hnu 

• - dull-black, loofe and bulky 

- - fine black, bulky, moderately firm 

- - dull black, dole, firm 

- - dull black, fpongy, firm 

- - fhining black, bulky, very foft 

- - fine black, moderately firm 

• - velvet buck, bulky, loofe and foft 

- - fhining black, fpungy, firm 

- - velvet black, bulky, firm 

• • tinged with brown, moderately firm 
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The author of the Rural £0000017 o i the midland coun- 
ties obfervea, that in making charcoal, men accuftomed to 
the bufinefs cut and cord in wood in the winter, and burn 
during the fummer uafon! Tht minutiae of the procefs of 
which are there, he fays, thefc. Thefite, or hearth, be- 
ing determined upon, the {ward is pared off f and the fods 
laid on one fide. The wood ufuaily about the cord is 
then laid in a ring, fomewhat wider than the intended hearth ; 
beginning un the outer circumference of the ring with the 
fmaileft of the round-wood, laying the larger pieces of top- 
wood, and the cloven roots, or but-ends, towards the center. 
With thcfc laft, fomc of them nearly as large as bulheU 
blocks, they begin to make their pile, leaving a kind of 
chimney in the middle, (a vertical aperture, from a foot to 
eighteen inches wide), and round this core of roots' fet up 
the top-wood, (.which has previoufly been cut at the time 
of cording, in 'fuch a manner, that no forkednefs or other 
awkward crookedncffcs are left ; or, if not cut in this manner, 
or cut improperly, it is prepared by the colliers themfelves, 
previous to laying it ready for fettiug), joining the blocks, 
or rather fitting them in, as ciofe to each other as poffible ; 
placing the convex fide of the logs outward, forming the 
pile in the (hape of an inverted bowl, nearly femiglobular. 
The pile being formed, it is covered over with fods, which are 
pointed, to keep in tlie heat the better, and the Teams are 
filled up with fine pulverifed mould. The chimney is now 
filled with ihort pieces of dry wood ; near the top a live coal 
is put ; over this one layer more of dry pieces ; and upon 
thefe a ciofe cap of fod is placed; neverthelcfs, this one coal, 
not larger than the lift, and excluded from the open air, is 
fufficient to fet the whole pile on fire. As the pieces in the 
chimney burn away, they are replaced by frefh ones : thus 
feeding the fire with frefh fuel. Paled burdks are placed on 
the windward fide of the heap, to prevent the fire from a&- 
ing partially. 

When the fire begins to work itfelf out, at the outward 
Ikirts of the bottom of the pile, it is known that the coal is 
fully burnt, (or rather the wood fufficicntly charred), which 
it will be, in a pile of ten cord, in tine dry weather, in feven 
or eight days. The fire, during the whole time, is carefully 
kept from breaking out, by throwing mould or afhes upon 
the weak parts : fo that, though the fire pafles through 
every part of the wood, little or none of the matter of heat 
cfcapes. It is obfervable, he fays, that notwithftanding the 
intenfe heat, no part feems to be confumed ; not thebark 
only, but even the mofs upon it, comes out as entire as 
when it went in : the only apparent change is, in its being 
rendered friable and of a black colour. Wood that is char- 
red, feems, he fays, to be only very highly dried. It fhrinks 
confidently during the proctfs or charring j but there is no 
vifible derangement of parts. One of the fmaller pieces, 
which it not broken in the drawing, appears as entire when 
it cornea out aa when it went into the pile. The brittfenefs 
after charring, however, fhowa that the texture of the wood 
ia altered by the adion of the fire. As foon as the fire is 
out of the coal, on the outfide of the heap, the workmen 
begin to draw 5 which ia done by running a peel between 
the coal and the hearth, raifing up the coal in fuch a man- 
tier aa to let the mould and afhes of the fods fall through 
between the pieces, upon the inward parts, dill full of fire. 
If this makes it* appearance in any particular foot, a peel 
full of afhea ia immediately thrown againll it. Having got 
fufficiently near to the fire, the coals ratted by the peel are 
raked off with long, wide-toothed, iron rakes $ the teeth 
about a foot long, and Handing about fix inches a-part ; the 
handle and head of wood, except a plate of iron on the 
back, with which the fmall coal ta gathered together. No 
‘fievc, nor any rake with finer teeth than the above, is ufed. 
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The coal being light, it ia readily brought to the furface of 
the afhes and dirt ; and, when there, is eafily colle&ed with 
the back of the rake. The fide, thus drawn, being round- 
ed up and fecured with afhes, another, the coolcft part, is 
drawn in the fame manner. The drawing ia an infernal bu- 
finefs : the men working among fire and heat enough to 
fuffocate Satan himfelf. Such pieces as dill retain fire, after 
they are drawn, are quenched with water; which the work- 
men have in plenty Handing by them, in pails. If a large 
piece contain much fire, (which hides itfelf chiefly ia. the 
chinks of the large pieces), it is plunged bodily into the 
water. If the heap itfelf prove too rtfra&ory to be kept 
under by the afhes alone, a fuific'cnt quantity of water ia 
thrown upon it, to keep the fire tinder. Such large pieces 
as are fufpicious are laid on one fide, in order that thofe 
which take fire may be the more readily difeovered. A 
waggon attenda to take away the coal as fail as it is drawn : 
for, if it take fire, or get wet in the hands of the burners, 
it is at their ride ; and, while in the waggon, it is at the 
rifle of the waggoner. Every particle burnt ia fo much en- 
tire wafte. 

The quantity of afhes anting from a charcoal hearth, he 
fays, is confiderable. There were four cart loads taken up 
from two fmall hearths, and a load or two more ftill remained. 

The dull of charcoal has been found, by repeated expe- 
rience, to be of great benefit to land, efpecially to fuch foils 
as are (lift' and four. It is to be ufed in the fame manner as foot 
and wood-afhes. See Ashp.s and Soot. 

And the author quoted above obfrrves, that charcoal 
allies are in good efteem in the midland dilhicls as a manure, 
particularly for turnips, and for fining grafs land. They 
arife principally from the fods ufed in covering, but in part 
from the hits of coal which break off in raking it out of the 
afhes. There cannot be any doubt but that all the refufe of 
charred materials that become reduced into a powdery (late 
during the procefs of drawing the coal, is highly beneficial, 
when applitd on the more ft iff and heavy fort- of land as a 
manure, as much advantage has been derived from it in the 
experience of different cultivators. 

The microfcope difeovers a furprifing number of pores in 
charcoal : they are difpofed in order, and travel fe it length- 
wife ; fo that there is no piece of charcoal, houf long fo- 
ever, but may be eafily blown through. If a piece be 
broken pretty fhort, it may be feen through with a micro- 
fcope. In a range the eighteenth part of an inch long, Dr. 
Hook reckoned one hundred and fifty pores ; whence he 
concludes, that in a charcoal of an inch diameter, there arc 
no lefs than five millions feven hundred and twenty-four 
thou fan d pores. 

It is to this prodigious number of pores that the blacknefa 
of charcoal is owing : for the rays of light, linking on the 
charcoal, are received and abforbed in its pores, inftead of 
being reflected ; whence the body muff of nectflity appear 
black, blacknefa in a body being no more than a want of 
rtfle&ion. 

Mathematical inflrument makers, engravers, Si c. find char- 
coal of great ufe to polifh their brafs and copper plate', 
after they have been rubbed clean with powdered pumice- 
ftone. Mr. Boyle fays, that the more curious burn it a fe- 
cond time, and quench it in a convenient fluid. Plates of 
horn are polifhable the fame way, and a glofs may be after- 
wards given with tripoly. 

Charcoal and foot* black are the two mod durable and 
ufeful blacks of the painter, and the varnifb-maker. Thofe 
of the former kind are ufed both as pigments and pencils ; 
and charcoal crayons prepared from the willow are preferred 
on account of their foftnefs. See concerning them Lewis’s 
Comm? return Phil. Techn. p. 536. 
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Charcoal tinges glafs in fu/iou yellow, redd'/h, See. and 
by baking Rains it yellow. See ibid. p. 628. See alfo his 
obfervationa on the differences of different charcoals, & c. 
and of the manner of dillinguilhing bttween the vegetable 
and animal, ibid. p. 3 36. and ft q. 

Charcoal was anciently ufed to diftinguifh the bounds of 
eftates and inheritances ; as being fuppofed incorruptible, 
when let very deep within the ground. In effeft, it pre- 
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ferves itfelf fo long, that there are many piece* found entire 
in the ancient tombs of the northern nations. 

M. Dodart fays, there is fometimes found charcoal made 
of com, probably as old as the days of -Cafar : he adds, 
that it has kept fo well, that the wheat may be ftill dif- 
tin/uifhed from the rye j which he looks on as a proof of 
its incorruptibility. 



Chipping 


CHIPPING, in the Maw failures, a term ufed by the 
potters and china-men to exprtfs that common accident 
both of our own Hone and earthen ware, and the porcelain 
of China, the flying off of fmail pieces, or breaking at the 
edges. O lr earthen wares are particularly fubjt 61 to this, 
and are always fpotled by it before any other flaw appears 
in them. Our Hone wares efeape it better than theft*, but 
ltfs than the porcelain of China, which \j let's fuhjcA to it 
than any othtr manufacture in the world. The method \>y 
which the Chmele defend their ware from this accident, 15 
this : they carefully burn fome [mail bamboo carts to a fort 
of charcoal, which is very light, and very black ; this they 
reduce to a fine powder, and then mix into a thin pa He, with 
fome of the varnilh which they ufe for their ware : they next 
take the veffeU when dried, and not yet baked, to the wheel, 
and turning them foftly round, they, with a pencil dipt in 
this pafte, cover the whole circumference with a thin coat of 
it : after this, the veflel is again dried ; and the border made 
with this pafte appears of a pale greyifh colour when it is 
thoroughly dry. They work on it afterwards in the com- 
mon way, covering both this edge and the reft of the veflel 
with the common varnilh. When the whole is baked on, the 
colour given by the afhes difappears, and the edges are 
as white as any other part ; only when the baking has not 
been fufficient, or the edges have not been covered with the 
fecond varnifhing, we* fome times find a duftcy edge, as in 
fome of the ordinary thick tea-cups. 

It may be a great advantage to our Englilh manufa&urea 
to attempt fomtthing of thi 3 kind. The willow is known 
to make a very light and black charcoal j but the elder, 


though a thing feldom ufed, greatly exceeds it. The young 
green (hoots of this (hrub, which are almoft all pith, make 
the lighteft and the blacktft of all charcoal ; this readily 
mixes with any liquid, and might be eafily ufed in the fame 
way that the Chincfe ufe the charcoal of the bamboo cane, 
which is a light hollow vegetable, more refembling the elder 
(hoots than any other Englilh plant. It is no wonder that 
the fixed fait and oil contained in this charcoal (hould be 
able to penetrate the yet raw edges of the ware, and to give 
them in the fubfequent baking a fomewhat difftrent degree 
of vitrification from the other parts of the veflel, which, 
though if given to the whole, it might take off from the true 
fcmivitrified (fate of that ware 5 yet at the edges is not to 
be regarded, and only ferves to defend them from common 
accidents, and keep them entire. 

The Chincfe ufe two cautions in this application : the 
firft in the preparation ; the fecond in the laying of it on. 
They prepare the bamboo canes for burning into charcoal, 
by peeling off the rind. This might eafiiy be done with 
our elder (hoots, which are fo fucculent, that the bark 
ilrips off with a touch. The Chinefe fay that if this is not 
done with their bamboo, the edges touched with the pafte 
will burft in the baking : this (Joes not feem indeed very 
probable j but the charcoal will certainly be lighter made 
from the peeled (licks, and this is a known advantage. The 
other caution is, uever to touch the veflel with hands that 
have any grtafy or fatty fubftance about them ; for if this 
is done, th4y always find the veflel crack in that place. Obf. 
fur les Corn, de l'Afie. 
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CLAY. In common language, any earth which pofleffes 
fnfficient ductility when kneaded tip with water to be 
fafhioned like palle by the hand, or the potter's lathe, is 
called a clay. In Mineralogy , however, the term has a 
fomewhat more extended application, comprehending not only 
the proper dudile clays, but certain other mineral fubftanccs 
which bear a ftrong analogy to them. They may be con- 
veniently arranged under the five following fub-fpecies. 

1 . Subfp. Pure clay, — Reincthon Erdc> Germ. — Lac Luna 
of fome authors. 

Its colour is fnow.white or yellowifh- white. It occurs 
in fmall kidutydhaped pieces. It is without lullre ; its 
frafture is fine earthy ; it is opake ; ftains the fingers (lightly ; 
adheres feebly to the tongue ; is fine but meagre to the 
touch ; is very light, foft, and cafily frangible. Its com- 
poneut parts, according to a recent analyfis by Fourcroy, are, 
45 alumine 
24 fulphated lime 
27 water 
4 lime and filex. 
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It has hitherto been found only at Halle in Saxony, 
where it occurs very near the furface, and accompanied by 
gypfum. 

2. Subfp. Porcelain clay,—Por%ellauerdc> Germ. 

Its colour is reddifh-white, palling to yellowifh and grey- 
ifh-white. It occurs in mafs and diffeminated. It (tains 
the fingers ; is for the raoft part (lightly coherent, palling 
into dully ; is line but meagre to the touch ; llightly ad- 
heres to the tongue, and is but of little fpecific gravity. 

A fpecimcn, aaalyfed by Vauquelin, afforded the follow- 
ing refult : 

55 filex 
27 alumine 
o.j oxyd of iron 
2 lime 
14 water 

. 98.5 


When perfectly pure, it is nearly, if not entirely, fufible 
in the greated heat of a porcelain furnace. 

It forms beds in geils, and not unfrequently occurs, in 
granite, occupying the place of the felfpar : indeed, it may 
readily be traced through various Hates of induration into 
true felfpar $ hence it has been confidered by fome as decom- 
posed felfpar, and by others as unformed or imperfeA felfpar. 

.The clay employed in the manufa&ure of the Bcrlm 
orcelain, is procured from the diftrid of Magdeburg s the 
ell French porcelain clay (the fub)e£t of the above analylis) 
is dug near Limoges 5 and jtb*~bcft Englifh porcchin clay 
is procured from Cornwall: this latter is naturally mixed 
with quartz and mica, forming a granite, from both of which 
it is Separated by walking. 

3. Subfp. Common clay . — Potter's clay, — Pipe clay. 


Its colour is very various ; when greyilh-white it is called 
pipe clay ; it alfo occurs greenifh-grey, palfmg into verdegris- 
green ; fmoke-grey, palling into yellowifh -brown ; reddilh- 
brown and browuifh-red ; or, lailly, bluifh-grey, palling in- 
to blackiih-hlue. It occurs mafiivc, or fine llaty, forming 
veins or beds ; thefe latter, often of great extent and thick- 
nefs. Its fra&urc ia earthy, palling into uneven or imper- 
fe&ly conchoidal. It is generally fmooth, and fomewhat 
mi£hiou*to the touch; adheres pretty (trongly to the tongue, 
is foft and ealily frangible. 

When in veins, it generally occurs in primitive mountains, 
accompanying metallic ores ; when in beds, it is ufually found 
in alluvial land, covered by or reding on gravel. 

It confilL effentially of alumine and filex, but generally 
contains, beiides, a variable proportion of oxyd of iron. Car* 
bonated lime, too, is by no means ah unfrequent ingredient, 
and when this abounds, the clay paffes into marl. See Marl. 

4. Subfp. Indurated clay. — Clay-done. 

Its colours are greenifh-grey, bluifh, a(h, fmoke, and 
pearl-grey, or brownifh-red. It occurs in mafs; is opake 
and without luftre. Its fia&ure is fine grained earthy, pair- 
ing into fl^ty, fplintcring, and imperfe&ly conchoidal. It ad- 
heres but (lightly to the tongue; is foft and eafily frangible. 

When put into water, it falls to pieces by degrees, but 
even then poffeffes very little dufciility. It occurs in rock 
maffes, in veins and beds, and forms the bafis of clay por- 
phyry. It paffes, on the one hand, into potter’s clay, and, 
on the other, into jafper. 

5. Subfp. Shale, 

Its colour is fmoke-grey, yellowish, afh, or bluifli-grey, or 
greyifii black. It occurs in mafs. It is dull, but when 
mixed with rrica is glimmering. Its fracture is (laty, ap- 
proaching fometime8 to earthy. It is opake, foft, and 
caiily frangible; it is meagre to the touch, adheres (lightly 
to the tongue. Sp. gr. about 2 . 6 , 

It occurs in the independent coal formation, alfo in the 
mod recent floetz trap and alluvial formations. 

It generally breaks down when put into w’ater, and by 
expofure to the weather it decompofes into a very un&uous 
and tenacious clay. 

Of the above fub-fpecics, the fird, on account of its rarity* 
is made no ufe of. The fecond is the bads of the Europeau 
porcelains, for which it is well adapted, on account of its 
difficult fudbility, and its hardnefs and compadnefs of tex- 
ture when baked ; it is even lefs fudble than felfpar, front 
the decompodtion of which, in particular cafes, it certainly 
originates : but felfpar contains a very notable proportion of 
pot»a(h, which difappears during its decompodtion, being 
probably wa(hed away ; and to this, no doubt, is owing the 
.greater infufibility of the clay. 

The method of ascertaining the goodnefs of porcelain 
clay is to knead it into a mafs with water, and after having 
dried it very gradually and thoroughly, to expofe it to a full 
white heat in a muffle ; if, after being thus baked, its colour 
is a pure white, if its texture is compa& and porcelianoug, 
and it exhibits no figns of fudon, it may be conddered as of 
the very bed quality : but as it generally contains a variable 
proportion of iron, fo its colour will exhibit more or lefs of a 
reddifh-ydlow tinge ; and aa this prevails, fo the value of 
the clay will be materially impaired. A flight afliery tinge 
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may be got rid of In the manufafture, by the addition of a 
little fmalt ; but the ware thus acquires a bluifh tinge, which, 
though not very perceptible alone, isfufficiently obvious when 
compared with porcelain made of pure unfopnifticaud clay. 

The common clays, or thofe that belong to the third fub- 
fpecie 8 , may be divided, w*th regard to their utility, into the 
three claffes of unftuous, meagre, and calcareous. 

The unftuous contains, in general, more alumine than the 
meagre, and the filiccous ingredient is in finer grains : when 
burnt, it adheres ftrongly to the tongue, but its texture is 
not vifibly porous. When containing little or no oxyd of 
iron, it burns to a very good white colour, and h very in- 
fufible; pipes are made of it, and it forms the bafis of the 
white Stafford Awe ware. If it contains oxyd of iron, or 
pyrites, fufficient to colour it red when baked (as is ufually 
the cafe), it becomes much more futble, and can only be 
employed in manufacturing the coarfer kinds of pottery. 

Meagre clay is fuch as when dry does not take a polifli 
from rubbing it with the nail : it feels gritty between the 
teeth, and the fand which it contains is in vifible grains. 
When burnt without addition, it has a coarft granular tex- 
ture, and is employed in the manufacture of bricks and tiles. 

Calcareous clay tffervefets with acids, is unftuous to the 
touch, and always contains iron enough to give it a red co- 
lour when baked. It is much Wore fufihle than any of the pre- 
ceding, and is only employed in brick-making : by judicious 
burning it may be made to aflame a femi-vitreous texture, 
and bricks thus made are very durable. 

Any of the urftuous or me/gic clays, that are very irifu- 
liblc and contain but little iron, may be employed in making 
crucibles, and other fimilar chemical veffcls, that are required 
to (land a powerful heat. 

Clay, in Agriculture, a foft, earthy fubflance, of an unc- 
tuous and tenacious quality, and which is f. und in a native 
ftate in different lituations. It has been remarked by Dr. 
Fordyce, to forma tenacious mafs when mixed with water, 
which hardens upon drying, and does not diffufe fo readily 
in water again as fand ; and that if a mais of it bt heated red 
hot,’ it becomes hard, and burns to a brick, relembling crys- 
talline earth in its properties. It is alfo found that foap- 
carth agrees in its properties with clay, of which it is M fpe- 
cie£, only it is much more diffufible in water, ieparates from 
it with greater difficulty, is of a fmoother texture, and has 
finer particles. It is a fulrfance that by culture becomes 
more diffufible in water. The earth or foil confi As chiefly 
of ftrata of fubAanpes, in which the clay and cry ftalline earth 
are fometimes found pure, but more commonly there is a 
mixture of the two ; and it is feldomer that pure Clay is 
found than pure fand. It has been remarked by Lord Dun- 
donald, that this kind of matter forms not only a large por- 
tion of the fur face- foil of moll countries, but it is alio found 
in the mineral ftrata to an immenfe depth ; that argillaceous 
matter, or clay, is no where found pure, but is more or lefs 
adulterated with other earths, and with different materi- 
als, fuch as mineral, vegetable, and animal fubftances. And 
that the pyreft clay contains upwards of fi xty per cent, of 
filiceous matter, or fand. 

It is the earth moll retentive of moifture, by which it be- 
comes ductile and tenacious, and lofes thefe properties by 
the a&ion of fire, or by being burnt. According to Mr. 
Kirwan, it is of various colours, as white, grey, brownifli red, 
brownifti black, yellow, or bluifh « it feels fmooth, and 
fomewhat unftuous ; if moift, it adheres to the fingers, and 
if fufficiently fo, it becomes tough and ductile. If dry, it 
adheres more or lefs to the tongue ; if thrown into water, it 
gradually diffufes itfelf through it, and flowly feparate* from, 
it. It does not ufually effervefee with acids, un lefs a ftronjg 
beat be applied, or that it contains a few calcareous parti- 
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cles, or magnefia. It confiftsof argill and fine fand ufually 
of the filiceous kind, in various proportions, and more or lefs 
ferruginous matter. The argill, according to him, forms 
generally from 20 to 7 j percent, of the whole mafs; the land 
and calx of iron the remainder. Thefe areperfeftly fc para- 
ble by boiling in ftrong vitriolic acid. 

It is remarked by I)r, Darwin, in his u Philofophy of 
Agriculture and Gardening,” that the too gre/rt adhefion of 
the particles of argillaceous eaith, or clay, renders it, in 
its pure ftate, unfit for vegetation ; as the tender fibrils of 
roots can with difficulty penetrate it ; whence it becomes 
much improved for the purpofes of agriculture, when it is 
mixed with calcareous earth and with filiceous fand, as in 
marl. It is commonly believed, he alfo fays, that lumps of 
clay become meliorated by being expoftd to froft in its moift 
ftate, which, by expanding the water which it contains, by 
converting it into ice, is fuppofed to leave the particles of 
the clay further from each other. This, however, he fays, 
feems in gtneral to be a miftaken idea, fincc, if the aft of 
freezing Items to occur, as noticed by Mr. Kirwan in his 
“ Mineralogy,” vol. i. p. i>, who obferves, that clay, in its ufual 
ftate of drynefs, can abforb two and a half times its weight of 
water without fuffering any to drop out, and retains it in the 
open air more pertinacioufiy than other earths, fqueezingout 
its water, and thus parting with more of it than other earths. 
This curious circumftance, that water as it cryftaliizes de- 
trudes the clay which is diffufed in it, correfponds, he re- 
matks, with other fafts of congelation. Thus when wine, 
or vinegar, or common fait and water are thus cxpofcd to 
froft y air, the alcohol, the acetous acid, the marine fait, andi 
the calx of copper, are all of them detruded from the aque- 
ous cryftals, and retreat to the central part of the fluid, or 
to that laft. frozen, or into numerous cells furrounded with 
partitions of ice, as he has frequently obferved ; whence it 
appears, that wet clay is in general rendered more folid and 
tenacious by being frozen, as well as when it is dried, and its 
moifture exhaled by too warm a fun, and by both thofe cir* 
cumftances becomes lefs adapted to the purpofes of agricul- 
ture. In moll clays a kind of cffervefcence occurs, after 
they are turned ovtr and thrown on heaps, and thus acquire 
air into their interdicts, which renders them much fitter for 
the purpofes of vitrircation, ai.d thus forwards the proceffes 
of the brick-kiln and pottery. This greater facility to vi- 
trify, is probably effefted by the union of oxygen with the 
iron, which molt clays contain ; as oxydes of lead and man- 
ganefe are ufed in the more perfeft vitrifications. When the 
clay abounds with vitriolic acid, fo as to be converted into 
alum, it becomes very unfriendly to vegetation.- 

It has been found in praftice, that vaft improvement in 
many of the lighter forts of foil may be effefted by the ufe 
or application of clay upon them. And Mr. Rodwell has 
experienced great improvement from it on the poorer forts 
of Tandy foils, which are very loofe, and even on black lands. 
See Claying of Land . 

It has alfo been remarked by Mr. Young, in fpeaking of 
marl, that when that fubftance “ is not to be had, day in 
many places is to be found at a moderate depth. This ma- 
nure has,” he fays, “ few of the properties by which marl is 
to be known, but yet it works wonderful improvements 011 
many foils. In fomc light lands it has been preferred by 
many good farmers to indifferent forts of marl ; aud this pre- 
ference has been the refult of attentive experience. But,” 
continues he, “ the great point concerning clay, is not fo 
much the companion with marl, as the ufe of it where no 
marl is to be had. On all light Tandy foils it (hould be uftd 
with a confidence of fuccefs ; for the precedents of its good 
effefts are fo numerous, that we cannot have adoubt of its ex- 
ccllence. About fixty or feventy loads an acre, at the fame 
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expence as of mar!, will work an improvement great enough 
to fhew how much miflaken thofe men are who think no- 
thing but the fiueft marls worthy of attention ; and upon 
heavier foils, as wet loams, brick earths, {upon clay , and Joofe 
hollow foils, that want a firmer texture, clay is an excellent 
manure ; but there are vaft tra&s of fuph land that cover 
very fine veins of clay, and yet farmers know nothing of the 
ufe of it. It is much to be regretted, ,f he thinks, u that 
their landlords do not give them a julter idea, by being at 
the expence of claying fome fmall fields until the benefit of 
the improvement becomes confpicuous.” 

Clay Balls, in Mineralogy, are the name by which, 
in fome places, the ftony nodulous foflils called Ludtts HeU 
montii are known, Thefe are ufually reckoned among the 
extraneous foflils, and are found of various fixes from four or 
five inches to almott as many feet in diameter ; they are 
ufually flattened irregularly, and appear externally, like 
mafles of fo ft matter kneadtd or moulded imperfectly toge- 
the. ; their internal fubftance is cracked, apparently by the 
flirinking of their fubftance in drying or hardening, and the 
joints or fepta are more or lefs coated or filled with fpar, 
often of a waxen colour, whence this foflil is fometimes called 
Stptnri/r, or Waxen* vein. Clay-balls are found in many of 
the Britifh clay ilrata, and are ufually lodged therein with 
the utmoft regularity, like pavement, often touching each 
other, as is the cafe with two remarkable layers of this foflil 
near the top of the clay on which London (lands. In the 
cutting of the Grand-Jun6lion canal from Paddington to- 
wards Uxbridge, and the Croydon canal from Deptford to- 
wa»ds Croydon, thefe layers were cut through and expofed 
in a very complete manner for examination, for great di- 
ftances together; they are funk through in all the wells 
near London, where the clay ftratum is complete, or where 
none of its upper part is abraded or wafhed away. Some- 
times a fmall fpring of water ouzes out of thefe layers of 
clay-balls, and the fame is found to poflefs mineral Qualities, 
and they are, we believe, the fource of mod or all of the 
mineral fprings in the immediate vicinity of the metropolis. 
When expofed to the air, rain, &c. clay-balls foon fplit, 
and fall into an ochry powder, and at length mix with the 
foil; but the fpar occupying the fepta is fometimes very 
durable, and remains entire after the fubftance of the ball is 
mouldered away. An important ufe was a few years ago 
difeovered for tnefe curious nodules, in the manufafture or a 
cement for water- works and ftuccoing of buildings, for 
which Meffrs. Parker and Co. of Bankfide, London, have a 
patent; they call it Roman cement, and the fame is now 
largely ufed in the conttru&ion of the walls of docks, refer* 
▼oirs, Sc c. and for imitating ftone-work in buildings; the 
new door-cafes to the Treafury -Chambers, in Whitehall, are 
« fpecimen of the valuable qualities of this cement, the fame 
having been applied, in very thick layers at or cc, during an 
intenfc froft a few winters ago, and yet it fet immediately, 
and (lands the weather as perfectly as the bed done. The 
front of the Houfe of Lords, and many other buildings in 
Wcftminftcr, arc now covering with this cement, under the 
dire&ion of Mr. James Wyatt, who has applied it with effeft 
on the new palace at Kew, and in fome additions and re- 
pairs at Windfor Cadle. It is not certain that all the 
clay- balls, lodged in the different clay ft rata, are exa&ly 
fimilar in their competition, or adapted to the manufac- 
ture of cement; where, however, they can be had in plenty, 
it may be worth the while of the owners of the foil to 
procure their analyfis and trial. See Lvdus Helmontii. 

Cliy -Cajfle, m Geography, is fituatc about a mile 
S.W. from Youghal, in the county of Cork, Ireland, 
where the pieces of the bank that break off and are wafhed 
down by the lea, are by degrees petrified into a hard firm 
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grit. This id competed of a mixture of Sne fand, and ft 
yellow clay tempered by the fea water which beats againft 
the hill. Wooa and ftveral other thing* daubed over with 
this clay are petrified on the fpor. Smith fays, there is a 
fi milar petrification at Harwich in England. Smith’s Cork. 

Clay -Farms, in Agriculture, fuch as have the lands either 
wholly or in a great part of a clayey quality. There are 
many extenfive tracts in different parts of the kingdom 
where this fort of land prevails, and which have been often 
cultivated to much difadvantage from the want of a due 
mode of cropping, and their not having of courfe a fuf- 
ficient proportion of green winter food for the fupport of the 
rcqnifite number of live ltock, and the railing ot the ncctf* 
fary quantity of manure. It ha3 been fuggefled that thefe 
inconveniences may be fully obviated by having rccourfe to 
the cabbage hufbandry. See Cabbage and Farm. 

Clay Hill, or Copt Heap, in Geography, a re- 
markable eminence on the fouth weft branch of the grand 
ridge of England, about two miles W. of Warminfter, and 
near the edge of the Chalk ftrata. The fuuation of the 
barrow or tumulus on the top ot’ this hill was determined in 
the government trigonometrical furvey in 1794, by an 
obfemtion from Beacon-Hill ftation, diftant 117,216 feet, 
and bearing 85° 54" 8" S.E. from the parallel to the 
meridian of Dunnofe; and another from Wingreen ftation 
diftant 84,554 feet; whence is deduced its latitude 51 0 I2 f 
1.3", and its longitude from Greenwich 2 0 if 25".8 W-orB" 

S3' -7 in timc * 

Clay •Mill, a machine ufed by the brick -makers near 
London for tempering their clay. In Plate XII. Mechanics , 
are reprefented two of thefe machines. In Jig . 10, which is the 
mod common, A B is an upright fhaft turning on a pivot 
at the lower end, which works in a brafs focket let into a 
piece of wood lying on the ground ; the upper end has a 
fimilar pivot, the brafs is fixed in the snUrle&ion of two 
beams, C D, of the frame ; thefe beams arc fupported by 
four uprights at their ends, which are firmly fixed in the 
ground ; the whole is braced together fo as to form a very 
Heady frame for the ftiaft A B to turn round in. E,F,G,H r 
are four arms mortifed in the fhaft fomrwhat below the mid- 
dle, fupported by braces from the upper part of the fhaft, 
and connefted together by four braces in the form of a fquare ; 
the two arms, E, F,are longer than the other two, and have 
hooks, by which the horfes draw, fattened to them. They 
have alfo each two irons, ah, ah, attached to them, whole 
lower ends work at the fides of a circular trough or ditch, 
KK, which is concentric with the fhaft AB, and walled 
with bricks. The ends of the levers, G, H, carry harrows, 
L, M, {Jig. 11.) working in the fame trough; thefe harrows 
are fometimes fixed to the arms, as at G, by three ftruts, 
and fometimes they are connc&cd with the levers by four 
chains, and loaded with heavy weights, as at H, and better 
explained in the following figure. 

When the machine is m ufe, a Quantity of clay is thrown 
into the circular trough, KK, wnich is about one-fourth 
filled with water by a pump, the trough from which is laid 
under the horfe-walk. The horfes are then put to the ends 
of the levers, E,F, and fet in motion ; as they turn the ma- 
chine round, the harrows, L, M, drag the clay round, in the 
trough, and by agitating it in the water, foon diffolve part of 
the city, forming it into the confidence of thick mud; as the 
horfes continue to work and more water is added, the whole 
mafs is thoroughly incorporated ; a fluice, N, is then opened 
which allows tne clay to run out into (hallow pits, which are 
due in the ground at fome diftance round tne mill, and ft 
little below its level ; in thefe pits the clay is foffcrtd to re- 
main until the greater part of the water is evaporated ; it ic 
then dug out and carried to the brick-maker. The pump 
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for fupplying the mill, is in general worked by a man, but in 
the machine before us, it is worked by the mill 5 at the upper 
end of the (haft, AB,J?£. to. a wheel, P, is fixed, which Ins 
wooden projections nailed to it ; thefe take the end of a lever, 
Q, moving on an iron bar, */,as a center; the weight of the 
lever is fupported by a fri&ion -wheel running on an hori- 
zontal bar R, fixed to the frame-work above ; the lever, O, 
has a rod, S, jointed to it near its end, which is fupported" 
by a frame, T, fattened to one of the upright pods, the cud 
bt this rod is jointed to one arm of a bent lever, the other 
arm of which has the pump-rod of the pump, O, hooked to it, 
As the horfes turn the wheel its teeth move the end of the 
lever Q^with it and raife the pump-rod ; when the tooth 
quits the end of the lever the weight oi the pump-rod pulls 
back the lever to its original pofition, ready for the next 
ftroke; by this contrivance a conftant fupply of water is 
eafily procured, and, by preventing the defeent of the 
pump-rod, the pump-work is (topped when there i3 water 
enough. The iron bars, ah , al, are intended to remove 
the day which may get to the fidcs of the trough K K, and 
by that means efcape the harrows. 

The machine reprefentrd by Jig. 11, though not fo com- 
mon, is much more firnple in its conftru&ion. A is a (lout 
oil firmly fixed in the ground j it is hooped at top, and 
as a brafs focket in the centre to receive the point of an 
iron pin, a , which goes through the iuterfi&ion of two 
levers, EF, GH; this pin has a cad-iron plate, b , fattened 
to it, that is bolted to the lever, fo as to connedi them toge- 
ther. I, I, I, 1 , are four braces to (Lengthen the crofs. 
0, 0, 0,0, arc four other braces which carry a circular ring, R , 
and the whole is (lengthened by four long ferew bolts d,d,d,d; 
this ring fits the pod loofely, and when the horfe turns the 
machine itmove 9 as deadily as the former machine ; the har- 
rows and the circular trough are the fame. The two pre- 
ceding machines are ufed, in thofe places where the clay ufed 
by the brick makers is not very clean, but has many Hones 
and other extraneous matter among it, as they link to the 
bottom of the circular trough, and remain there when the 
clay is drawn off. Where the clay is naturally fufficierrtly 
pure, and requires only to be tempered, a different machine is 
ufed ; it confifts of a cyhndric tub about three feet diameter 
and four feet high, in the centre of which is a vertical fptn- 
die, the lower end working in a brafs focket at the bottom 
of the tub, the upper end turns in a collar fupported by 
two iron bars nailed to the Tides of the tub ; at the top of 
the fpindle, above thia collar, a long lever is fixed for the 
horfe to turn the fpindle by ; the upright fpindle has fix or 
eight arms fixed perpendicularly to it in different planes, work- 
ing within the tub ; thefe arms have fpikes projecting from 
their upper and under fides, the tub has a fmall trap door in 
the fide, near the bottom, which can be kept clofed by a 
hafp ; the clay is thrown in at the top of the tub, and the 
horfe made to turn the fpindle, the arms and the fpikes fixed 
to it, cut the clay in every dirc&ion and mix it thoroughly, 
water being added in the proper quantity. When it is fuffi- 
ciently ground the door at the bottom of the tub is opened, 
and, as the horfe turns, the clay u thrown out, and carried 
to the brick-maker. 

Clay-S/wic. See Clay indurated. 

Clay Strata, in Mineralogy . The recurrence of clayey 
ftrata, in the finking of deep wells, and (hafts for mine?, in 
England, is more common than thofe of any other matter ; 
and fince the difeoveries, and meritorious labour of Mr. 
William Smith, on the Gratification of thefe ifiands, have 
been known among the circle of his friends, opportunities 
have offered, of afeertaining the peculiarities of the organic 
remains moft commonly lodged in thefe (Irata. In the fouth- 
caftcrn part of England, or uppermoft parts of the feries 
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of Britilh (Irata, thefe are, cornua ammonii, belcmnites, 
corallines, or coralloids, entrochi,gryphites, bituminous wood, 
kc. 5 at the fame time that Indus helmontil, iron-ore, or 
ochre, pyrites, fclenite, or gypfum, mica, &c. are not un- 
frequently found lodged in thefe clay (Irata. 

The uppermott, or tirft clay ttratum (or rather affemblage 
of clay (Irata) in the Britifh feries, is that on which the 
metropolis of the Britifh empire and its environs (land 5 its 
upper part is red, aad very tenacious when wet, forming 
perhaps one of the wortt (Irata for cultivation, in England ; 
which, but for the great population thereon, and confequcnt 
opportunities of obtaining manure, fora feries of ages hack, 
would probably, to the prefent day, have been in a fimilar 
(late to the wattes or commovs, with which the vicinity of 
London has been fo often reproached. Near the top of thia 
ttratum, there are two remarkable layers of clay balls, or 
ludus htlmoritii, as obferved under the article Clay -Ball, 
and lower down, pyrites, and other foffils ; a layer or ttratum 
of fand, containing black particles, occurs near the bottom 
of the London clay (Irata, which, in the finking of wells, is 
fometimes found nearly dry, and at others products a fpring of 
unpalatable water. Beneath the London clay (Irata, a thick 
fand ttratum is found, retting upon the cha'k (Irata, and, by 
means of the numerous and large cracks and fiffures in 
the chalk , the fand is fupplied with a molt powerfully 
pent or confined fpring, which often riles near 250 feet, ort 
the finking of a well, through the clay (Irata above mentioned, 
and runs over the furfacc, as in Mr. Vulliaumy’s well, near 
Kenfing'on Gravel -pits, deferibed in the “ Philofophical 
Tranfa&ions” for 1797, and many others in and near 
London, which have been^funk within a few years part. 
Near the bottom of the London clay ftrata, there arc layers, 
or (Irata, of fmooth, fiat, and round chert pebbles, of uni- 
form fizes, which do not appear to be worn or rounded 
fragments of a chert rock, but nodules, many of them con- 
fiding of concentric layers, originally formed, of the particu- 
lar fiY.es in which we now find them. 

The next clayey ttratum in the Britilh feries, is fonnd be- 
neath the chalk ftrata ; from its white colour, it is denomi- 
nated chalk-marl in many places \ when overflowed, and 
kept wet, by fprings from the edge of the chalk (irata, as 
at the foot of the chalk hills N. of Dunttable, this chalk* 
marl is very tenacious and barren 5 but where its out-crop 
is dry, as on the fouth fide of the North Downs, near Rye- 
gate, Godilone, &c. or the north fide of the South Downs, 
as at Clayton, Plumpton, &c. its furfacc forms very good 
land, particularly for wheat ; while the inner parts of it are, 
in fuch fituations, difpofed to harden into a fubftancc al- 
moft . like (lone, in thin lamina?. Cornua-ammonii, fhark’a 
teeth, and a curious variety of extrartous fofiUs, are found in 
this chalk marl, of which we hope that the'publication of 
Mr. Smith’s intended work, will enable us to give a more 
detailed account, under the head of each foflll, as we arrive at 
the fame in the progrefs of our work. 

The next confiderable affemblage of clay (Irata which we 
meet with in the Britifh feries, has a remarkable ttratum of 
red potter’s-clay on its furfacc, on which there, is a variety 
of tile and pottery kilns in Suffex, beneath which a.whitittt 
tenacious clay is found, and therein a thin ttratum of lime~ 
done, called Suffex marble, in many places where it is ufed, 
particularly in the (lender grouped pillars of Gothic buildings, 
like Wcftminfter Abbey 5 this thin and curious ttratum of 
lime-ftone, confiils almoft entirely of a congeries of turbinated, 
or perri winkle-like (hells, of very uniform fizes ; in fome fpe- 
cimens thefe are allfmaller than peafe,and in others they are 
of the ordinary fize of perriwinkles ; whether thefe are the 
produce of different beds in the fame ttratum, or whether 
a thicknefc of clay feparates them, we have not yet been able 
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to afccrtain. Thia fubjcft we mull, for the rcafon above 
ftated, refume on future occafiona. 

The moil ufual vegetable produftiona found upt>n clay 
ft rat a, are of the following geneia ; viz. in wet fituatione, 
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carex, juncus, fchcenus, aira, orchis, carduus, poteriutn, 
falix f &c. while, in dry fituationa, the following prevail, viz. 
primula, arum, rhinanthua, orchis, poa, rofa, ri*bu8, promts, 
acer, cjucrcus, 



Coal 


COAL, in Mineralogy. The word coal ha3 been derived 
by fome writers from the Hebrew, and by others from the 
Greek or Latin, but whatever may be its origin, it is de- 
ferving of remark that the fame found for the fame object is 
ufed in the Anglo-Saxon, the Teutonic, the Dutch, the 
Daniih, and the Iflandic languages. Coals are found in 
feveral parts of the continent of Europe, but the principal 
mines are in this country. They have been diftovered 
and wrought in Newfoundland, Cape Breton, Canada, and 
in fome or the provinces of New England, China abounds 
in them, and they are well known in Tartary, and in the 
ifland of Madagafcar. 

Hi/lory of Coal at an Article of Commerce. 

Coals are firlt mentioned as fuel for artificers by Theo. 

1 >hraftus, who defertbes them as earthy fub (lances that burn 
ike wood-coals, and are ufed by the fmiths. The ancient 
Britons had a primitive name for this foflil, and Pennant 
fays, “ that a Hint axe, the inftrument of the aborigines of 
our ifland, was difeovered in a certain vein of coal in Mon* 
mouthlhire, and in fuch a fituation as to render it very ac- 
celfiblc to the inexperienced natives, who in early times were 


incapable of purfuing the Teams to any great depths.” 

Although coals are fo abundant in many of the above 
named places, yet as there are no beds found ip the whole 
extent of Italy, the great line of this fuel feems to (weep 
round the globe, from the north-call to the fonth-weft, vi- 
fiting Brabant and France, and avoiding Italy. The ft rang- 
ed argument adduced by thofc who contend that the 
Romans, while in pofleffion of this ifland, were ignorant of 
the ufe of coal, is, that there is no name for it in the Latin 
language, the word carlo being always ufed for charcoal. 
Caefar takes no notice of coalinnis defeription of this ifland ; 
ct there is good evidence to believe that the Romans 
rought it into ufe. In the Weft Riding of Yorkfhire are 
many beds of cinders, heaped up in the fields, in on* of 
which a number of Roman coins were found fome years ago. 

From Horfely it appears, that there was a colliery at fieu- 
well, about four miles weft of Newcaftle-upnn-T yne, (up. 
pofed to have been aftually worked by the Romans, and it 
is evident from Whitaker, that, coals were ufed as fuel in 
this country by the Saxons. No mention is made of this 
foflil during the Daniih ufurpation, nor for many years after 
tbe Norman conqueft. 
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The firft charter for the licence of digging coal*, wa« pofition of one (hilling per chaldron on fea-coals, rifmg m 
granted by king Henry III., in the year 12.99 ; it was there Blyth and Sunderland, not by virtue of any contraA or grant* 
denominated fea-coal 1 and, in 1281, Newcaftle was famoua as on the coals of Nevrcaftlc, but under the mere pretext, af- 


for its great trade in this article, but in 1306, the ufe of 
fea-coal was prohibited in London, from its fuppofed ten- 
dency to corrupt the air. Shortly after this, it was the 
common fuel at the king’s palace in London, and, in 1325, 
a trade was opened between France and England, in which 
corn was imported, and coals exported. In r.379, a duty of 
Jixpence per ton was impofed upon (hips coming from New- 
caiilc with coals. At this period, the inhabitants of the 
county of Durham had obtained no privilege to load or un- 
load coals on the fouth fide of the Tyne ; but, in 1,984, 
Kiclnrd II , on account of his devotion to Cuthbert, the 
tutelary faint of Durham, granted them licence to export 
the produce of their mines, without paying any duties to 
the corporation of Newcaftle. In the year 1421, it was 
ena&cd, that the keels or lighters carrying coals to the (hips 
(hould meafure exa&ly twenty chaldrons, to prevent frauds 
in the duties payable to the king. 

JEneas Sylvius, afterwards pope Pius II., vifited this 
ifland, about the middle of the 13th century, and he re- 
marked, that the poor of Scotland received for alms pieces 
of ftone, which they burnt in place of wood, of which at that 
time the country was deftitute. About the beginning of 
the r 6th century, the bell coals were fold in London at the 
rate of 4 1. id . per chaldron, and at Newcaftle for about 
2 s, 6 d. ; and in 15^3, an a& was parted in Scotland to pre- 
vent the exportation of coals, which had occaliunrd a great 
dearth of fuel in that country. Queen Elizabeth, in the 
year 1582, obtained a leafe of a great part of the mines of 
Durham, for ninety three years, at the annual rent of 90/., 
which occalioncd an advance in the price of coals ; it \va9 af- 
terwards afligned to Thomas Sutton, the founder of the Char- 
tcr-IIoufc in London, who afligntd it to the corporation of 
Newcaftle, for the fum of 12,000/.; and the price of coals 
was immediately advanced to feven (hillings and eight (hil- 
lings per chaldron, Notvvitliftandhig the feveral advances 
upon this article, when queen Elizabeth demanded the ar- 
rears of two-pence ptr chaldron, which had been granted 
to Henry V., but the payment of which had been negledted 
by the corporation, tn£y petitioned for a remiflion of the 
debt on account of their inability 5 this was granted, and alfo 
a charter to incorporate a new company, called hodmen or 
coal-cngroflers, for felling all coals to the (hipping ; in con- 
fequencc of which the corporation impofed one (hilling per 
chaldron additional upon this article. At this period the 
lord mayor of London complained to the lord-treafurcr, 
Burleigh, that the free-hofts in Newcaftle, to whom the 
grand* leafe had been afiigned, for the ufe of the town, had 
transferred their right to a few perfons, who engrofled all 
the other collieries, and he requefted that the collieries 
might be free, and that the price of coals (hould not exceed 
fcven (hillings per chaldron. 

It appears, by an order of the hoftman’s company, dated 
A.D. 1600, that tram-waggons and waggon-ways had not 
then been invented, but that the coals were at that time 
brought down from the pits in wains, holding eight bolls 
each fall of them mcafured and marked), to the ftaiths by 
the fide of the river. About this period, an engine 'for 
drawing the water out of the coal mines was invented in 
Scotland, by a predcceffor of the firft carl of Balcarras, who 
obtained from James VI. a patent for 21 years. This im- 
provement was not, till fome time after, adopted in the 
neighbourhood of Newcaftle. 

In a petition of grievances, prefented by the houfe of com- 
mons to king Jamei| in 1610, a complaint occurs of a late im- 


fumed by the contra&ors, of hiB majefty’s royal pr-rogative. 
This petition difplayed fo ftr^gly the rapacity of that body 
of men, and the diftrefs occafi ned by it to the inhabitants 
of London, that the prayer of the petition was immediately 
complied with, it was during the fame reign, that an in- 
formation was exhibited in the ftar-ch amber, by the attor- 
ney-general, againlt the mayor and burgeffts of Newcaftle, 
by the name of hodmen, for that they, having the pre- 
emption of coals for the inheritors in Northumberland, and 
the county of Durham, by their charter of the 42ft of Eliza- 
beth, forced (hips to take bad coals, amongft which was a 
quantity of (late ; in confcquencc of this they were all nned, 
fome of them in penalties of one hundred pounds each, and 
committed to the Fleet prifon ; and the decree was ordered 
to be read in the open market in Newcaftle, two feveral 
market days. 

In 1615, there were employed in the coal trade of New- 
caftle 400 fail of (hips, one-half of which fupplkd London, 
the remainder the other part of the kingdom ; the French 
too are reprefented as trading to Newcaftle at this time for 
coal, in fleets of 50 fail at once, ferving the ports of Pi- 
cardy, Normandy, Bretagne, and as far as Rochelle and 
Bourdcaux, while the (hips of Bremen, Embden, Holland, 
and Zealand, were fupplyingthe inhabitants of Flauders. 

In 16 12, an order was iftued by the hoftmen, a gain ft 
the fccretand difotderly loading of coals, but not until they 
had received feveral precepts from the kirg and privy -coun- 
cil, concerning this abufe. They were fummoned to anfwer 
again, by procefs from the exchequer ch?mber, againft the 
governor, It c wards, and fome others of the company, for the 
above default 5 and as we are not informed of the refult of 
this proceeding, we may conclude it did not terminate in 
their favour. Soon after this, David Ramfay, a great pro* 
jc&or, obtained an exclufive charter to raife water from low 
mines and coal pits, by a method entirely original. In the 
yea * 1630, the king let to farm an import on coals of 5/. 
pe- chaidron, for thofe tranfported out of England, Wales, 
and Borwick-upon-Tweed, to any part beyond the fcas, ex- 
cept Guernfey, Jerfey, and the lfleof Man ; of is, 8 d» over 
and above the $s. on thofe to be exported, as above, by any 
Englilhman ; and alfo of 3 s, 4 rf. for every chaldron to be 
exported except for Ireland and Scotland. In 163 1, an in- 
formation was again made in the ftar-chamber, by Heath, 
attorney-general, againft the hoftmen of Newcaftle, for mix- 
iug 40,000 chaldron of coals with dates, See. ; from whence 
it feems, that the former fines and imprisonment had no ef- 
fe&, but that they had ft ill proceeded to cheat the metropolis 
and the country at large, even after thofr feverc meafures of 
government. A. D. 1634, the king, folely by his own 
authority, impofed a duty of four (hillings per chaldron on 
all fea-coal, ftonc-coal, or pit-coal, exported from England 
to foreign parts. 

In 1 637, one (hilling per chaldron appears to have been 
paid, on the foreign vent of coals, to the mayor of New- 
caftle and corporation. Government being applied to for 
red refs, letters were fent to the bi(hop of Durham, requiring 
him to write to the faid mayor, and order an immediate 
reft oration of the above exa&ion ; the biihop’s letter is dated 
loth of January, 1638. In 1643, when the Scots btfieged 
Newcaftle, all the coal-mines were, it is faid, ordered to be fet 
on fire, which was prevented by general Leflie, who took the 
veflels by furprize. In 1648, coals were fo exccfiively dear in 
London, that many of the poor are faid to have died for 
want of fad* la November 1653, articles wore again ex* 
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Jiibited. again ft the town of Newcaftle, concerning the coal* 
trade; and the cfufe, as ufual, was given againft them. 
About this time tl c port of Sunderland appears to he rifing 
into importance. In 1667, coals are faid to have b.m fold 
in Ltmdon forabo e 20/. a chaldron ; about 320 keels were 
at that time cmpl 3 ed umn the riv.r Tyne, in the coal trade, 
e -ch of which corieo annually 800 chaldrons on board the 
Tm ps. To udjn'l the difference of meafures it mult be noted, 
th-t 16 chnldriiii« of Newcaftle. are equal 10 3 1 of Locdon 
pool meafure, aconrhng to Mr. Eddington. In 1650, 
the cuftoms upon all coals exported, were let to M r . Mar- 
tin Now'.l at 2?, 000 pounds per annum, of which f.un 
J 9.783 /. 14 s. 8 d. were for the coals of England, and 
2,2x6/, §s. 4 d. for thole of Scotland. Commifil oners were 
now appointed by the lord protester, under the great ftal 
of England, for the meafrrng of ktels, which was ptr- 
formed in a new air! hotter manner than had been before 
known. In December 1667, the parliament made an order, 
that the price of coals, till the 23th of March Mowing, 
fhoul 1 not exceed 30J. per chaldron ; arid by an i.£\ made 
that year, after the gteat fire in London, a duty of one (hil- 
ling per chaldron was granted to the lord mayor of that city, 
to enable him to rebuild the chinches, and other public 
edifices. This, however, bang infuffirient, it was marie three 
(hillings, to continue twenty years. In 1677, Charles II. 
granted to the duke of Richmond one (hilling per chal- 
dron on coals brought to London, which was continued 
in the family till the year 1800, when it was purchafed by 
government, for the annual fum of 1,900/. payable to the 
duke and his fucctfTors. This duty at prefcnt produce* to 
government 2,560/. annually. At the end of the fevrnteenth 
century, 1400 (hips are faid to have been employed in ex- 
porting yearly from Neweaftle, two hundred thoufand chal- 
drons of coal, Ncwcaftle meafure, which was about two 
thirds of the whole trade. Tne over-fea trade in this ar- 
ticle. at the fame time, employed nine hundred llioufand tons 
of flvpping. In 1 7 10, a duty was laid upon coals for build- 
ing 50 churches ; a curious and particular account of the 
monies colleAed by duties on coal, for the building of St. 
Paul’s church, in London, from October r, 1668, to May 
5, 1716,18 preftived in the Antiquarian Rcpolitory, vol. 
it. page 40. In the year 17 \ i, a drawback was granted on 
the duty on coals, 11 fed in fire-engines for working the tin 
and copper mines in Cornwall. Mention occurs in 1758, of 
a machine invented by Michael Mednzies, efq. by which coals 
were drawn up, not by the ilrength of horfes or of men, but 
by the defeent of a bucket full of water, of a weight iuperior 
to that of the coals drawn up. lifting a cOrve of lix hundred 
pounds weight, out of a pit about fifty fathoms deep, in two 
minutes. A machine, nearly fimilar, was afterwards eft fled 
at Worfley, by James Brindley, on the duke of Bridge- 
water’s canal, and is mentioned in our art’eie Canal. See 
alfo bucket Engine. In the year 1764, there were exported 
from the river Tyne, for London, and coaftwilV, twenty 
thoufand chaldron 3 of coals, and foity thoufand chaldrons 
of London meafure for foreign parts, more than had been 
exported in any one year. From the years 1770 to 1776, 
were (hipped to London, and other parts of Great Britain, 
.351,000 chaldrons of coals, of which 266,000 were fent to 
London: to the Britifh colonies and plantations, 2,000 chal- 
drons ; and exported to foreign parts, .3,700 ; in all, averaging 
380,000 chaldrons, Newcaltle meafure, per annum. The 
weight of thefe, at 53 cwt. per chaldron, is one million, fe- 
ven thoufand tons 5 the duty paid to the crown at the ports 
ofdifcharge, on 351,000 chaldroas, at 5/. per chaldron, 
is 167,000 pounds. 

In 1776* from a note communicated by the furveyor of 
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the cuftoms of Ncwcaftle, we find, that 14,000 chaldrons 
were expmted in that year from Blyth; 18,000 chaldrons 
from Hartley Haven; 350,803 chaldrons from Neweaftle, 

conft wife. 

The trade, thus rapidly enereafing, acquired its prrfent 
impnrtnnce. The following account of coals expo»* ed from 
the river Tvne, in tr.e yen s 1802, 1803* iXou and 1805, 
will g ve an idea of the amazing txteni to which it is now 
carricJ. 

Coallwife. Over.fea. Plantations. 

In the year 1 S 12 494.483 41,197 2844 

180} 505,137 428..S 1 , 51(5 

iKo|. 579.949 48.737 385* 

_ T 1 , 552.82 7 47-213 2}f>o 

We do not here include th.* quantity exported from the har- 

b»nrs adjoining near to Ncwcaftle, viz. Sunderland, 
v/lvt h exports, annual ly. about three hundred thoufand chal- 
dron? ; an I Blyth and Hartley, winch alio txport confider- 
ab:c q nmtiries ; neither do wc notice the proportion con- 
iumeti in the town and nt’gh^mnh od of N wcaftle. 

It is calculated, tint the fum expended in materials for 
boring and linking for coal, fuch as wood, iron, ropes, 8c c. 
independently of the money pa>d for the cxclufive ptiviltge 
of woi king, amounts, in tome colhmts, to upwards of 
.p.ooo pounds per annum. By a calculation lately made, 
it is fuppofed tint 64,724 people are employed by the coal 
trade on the rivers Tyne and Wear. See theft* tinder our 
article Canal. The following is a calculation of the capi- 
tal employed in th; fame tiadc. 

In the collieries - 1,030,000 

In (hipping - - 1,400,000 

Capital employed by the London 

coal -merchants - 700,000 

Total 3,130,000 

Fi um th ; s detail, the coal-trade muft appear of the utmoft 
importance, not only m a lot sd, but i*i a nat onal point of view, 
as a nurfery of rxctllcnt ft amen for the Britifh navy ; arid 
as the means of employment for many thoufands of induf- 
tnous working people, lb. (ides the important advantages al- 
ready enumerated. othersdeferve to be noticed. Coal is inmany 
relpe&s, and in a very high degree, uftfnl to the landed ir- 
tereft, not only by greatly enhancing the real value of thofe 
lands in which it is found, and thofe through which it mult 
pais, from the works to t lie place where it is (hipped, but 
from the general impi m meats which it has occatioued, in 
confequence of the wealth ’t has brought into the country. 

An a 'X of parliament paiTcdin 1803, as hereinafter mention- 
ed, for preventing th- mixing of coals of d' (Trent forts toge- 
ther, by the dealers, before deli very in London and its environs; 
and for Jiat purpjfe, it required the name of thecoalscontained 
in each (lup’s cargo to be ccrttlk-d to the buyers. It were 
much to be wifhed, that fome bntrr criteria could have been 
adopted for afeertainmg the different forts of coals (the 
worft. of which often are, orratrur ihould be, ill ing in Lon- 
don at two thirds of the puce of the hdt forts, or id's,) than 
merely the names of the fevtral pits’ mouths out of which thty 
were drawn ; when it is well known, 'hat all t't deeper pits 
are (link through fcviral veins of d (Fruit qia:ities, and 
fometimes have one of thefe veins in work, and fometimee 
another, or perhap' fevera* of the m at the fine tun- ; whence 
the facility arifts, of fending butcr 01 worlecoah to market 
under the bme name, according as the relative prices of 
good and bad coals may induce : could not the names of the 
difftrent vans which have ditlind qualities, have been ccrti* 
fied, along with the coals dug thertirom, mftcad of the arbi- 
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trary, and perhaps worfethan ufilefs rame of the pit, con- 
taining feveral vein# cxa&ly the fame with, and actually open* 
ing into the works of the neighbouring pits ? The follow- 
ing is an alphabetical lilt of the names of the d.fTcrent cargoes 
of coals pubhlhed in the newfpapers, as luld at the coal-ex- 
change, London, during n confide rable period, with the name 
of the river, canal, or port from which they were put on fhip- 
board, after being conveyed thither by rail-wavs, &c. (fee 
our article Canal) arid a feries of numbers, exprtfling the 
number of times that each name appeared among the coal- 
exchange falts uf the day, during the period alluded to. 


Walker * 

Tyne 

m 

292 

Wall’s End 

- Tyne 

• 

468 

Warwick Main 

• Wear 

• 

5 S 

Wcdnefbtiry 

Wentworth 

* Grand Jun&ton* 

• Wear 

28 

Weft field 

- 

• 

7 

Wharton 

- Wear 

. 

1 

Whitfield 

* Tyne 

• 

LS 

Willingtou 

Tyne 

- 

337 

Woolcr • 

- 

• 

12 

Wylam Moor 

- Tyne 

• 



Adair’s Main - - Tyne - 126 The number of the different forts of coals as above, which 

A Pau's Main - - JVcur - i were in one day on fale in the market, on four particular oc* 

Baker’s Main • - Tyne - 16 callous, within the above period, amounted to 24; on three 

Bedford Mam - - Wear - 45 market days, there were 23 different fot t» fold ; on thtcc 

Bed wot th • • (7 ref ml Junfiion* ' days, ? 2 forts; on two days, 2 1 forts ; on eight days, 20 forts 5 

Benton - - Tyne 301 0,1 feven days, j 9 forts; on todays, 18 forts; on iScJays, 

Ben well - - Tuic - 4 17 forts; and on 235 market days, cargoes of from to to 

BuMick Main - - H'car - 17 15 different lorts of coals, were reported as fold in the Lon- 

Bigg's Mam - - e Iyie - 419 don market. 

Bittley Moor - - Wear - 3 Fiom the above table, the proportionate frequency of 

Blytli - - Blyth - 199 demand and facility of fupply in London, for different forts 

Boundry Main - IV Mr - 14 of coals, appears 10 have il nod as follows, viz. Wall’s end, 

Bourn Moor Main • Wear - 34; B gg’s main, Hcbburti main, Heaton main, Bourn moor 

Brandling Main • T.ue - 141 main, Wellington, Benton, Waiker, Montague main, Hart* 

Byker - - Tyre - 73 ley, Blyth, Holly well main, Pontop (Windsor's), Tanfield 

Cowper Main • - Blyth - 122 moor (Pitt’s), RufiuTs main, W) lam moor, &c. The order 

St. David’s - - * - jy of the different forts of coals, as to pi ice per chaldron, oa 

Eden Main - - V\,ir - 1 - S Ihip-board in the pool, have, oh ft vend occafions, flood as fal- 

E»ghton Main - - Tyie - .^x lows, beginning with the higheft, viz* Wall’s tnd, Percy main, 

Elmore Main - - 7 vie - .3 Bigg's main, Heaton main, Hebburn main, Kenton, Walter, 

FI it worth - - Tyne - 6 Wilhngton, Benton, Montague main, Adair's main, Eichtoa 

FI oft on ... - 2 main, Cowpermain, Tanfield moor, Pontop, Brandling, Blyth, 

Gate's Head Pai k - - Tyne - 2 Bourn main. Team, Hartley Newbottle, Ruffel's main, Bed- 

Greenwich . • 42 ford main, l Joliywcll main, \V allbottle, &c. Thefe prices are 

Harecattle - - Grand Junction. of courfe fubjeft to vary confiderably, according as the veffels 

Harraton - - Wear • 3 arrive m contiderable numbcis or not, with the fort3 which 

Hartley - - Seaton Burn - 2 32 happen to be at that time in demand. We have been at 

Heaton Main - - Tyne - 3^9 couliderahle pains in colle&ing the above particulars, in 

Hebburn Main - - Tyne - 377 order to throw all the light in our power upon a branch of 

Holly well Main - - Tyne - 178 commerce, of the firll importance in a national point of view, 

Howard’s Main ... . a bttt particularly fo to the metropolis, whofe profperity and 

Hutton Seam - - Wear - 2 comforts fo much depend upon it. In Eddington’s “ Effay 

Kenton, Eafl and Weft - Tyne - 103 on the Coal Trade, 180.3/’ many highly ufeful particulars on 

Lambton Main • - Wear - 6 this fubjed will be found. 

Lawfon’s Main ... . y By 30 C. II. ft. i. c. 8. and 6 and 7. W. c. 10. and 11 

Marley Hill - - Tyne - 3 G. II. c. 15. a penalty of to/, is enaflcd, for defacing marks 

Montague Main - - Tyne • 2 66 011 keels, boats, waggons, &c. ufed for the carriage of coal* 

Murton Main - - • 12 in the porta of Ncwcalllc, Sunderland, 8 cc . ; and by 15 G. 

Newbottle - - Wear - 90 III. c. 27. extended to the other parts of this kingdom. By 

Newton - * • -4 31 G. III. c. 36", regulations are enabled to the fame pur- 

Percy Main - - Tyne - 1 pofe ; and any perfon convi&ed of removing, defacing, or 

Pontop, Simpfoi/s - Tyne • 48 deftroying fuch marks, is fubjeft to the forfe iture of a Aim 

Windfor's - Tyne - 154 not lefs than 40/, and not exceeding j /. By 12 Ann. ft. 

Primrofc Main * - Wear - 32 2. c. 17. every coal-bufhel (hall be round, with an even bot- 

Re&ory Main - - Tyne or Wear . 87 tom, be 19* inches from outfide to outfide, and contain one 

Ruffel’s Main - • Tyne or Wear - 15 3 Wjnchefter bufhel ; and all fea-coal and culmi chargeable 

Scotch Coal • • - 3 with any duties by the Winchcfter meafure, fhall be charged. 

Sheriff Hill - . Tyne - 105 fold, rocafured, and paid by the chaldron, containing 36 luch 

South Moor - - Tyne . 122 bufhels heaped up. By 17 G. II. c. 35, three jufticcs may 

Stanley * . . 8 fet the retail price of coals, after landing in any place to 

Tanfield Moor • - Tyne • 1x3 which the 16 and 17 G. II. refpe&ing the price of coals 

Pitt's • Tyne • J54 brought into the river Thames, doth not extend, as they 

Team • - Tyne • 94 fhall judge reafonable. Concerning the weights, meafurcs, 

Tyne Main • - Tyne - 23 and prices of coals, Specially in and about London $ and 

Ufworth * • Tyne » 4 alfo concerning the duties upon them, there are various re* 

Wallbottle Moor * * Tyne * jo x gulations enaaed by about 40 different ads of parliament, 
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which we /hall not recite* The ftat, 43 G. 111 . c. 134, 
which is an “ aft for dtyblilhing a free market in the city of 
London, for the fale of coals, and for preventing frauds and 
tmpofmons in the vent or delivery of all coals brought into 
the por^ of London, within certain places therein mentioned,” 
fituate within the diftance of 25 miles from the Royal Ex* 
change, in the city of London, etnpowera the corporation of 
London to purchafe the coal-exchange in the faid city, and 
regulates the mode of indemnity to thof; whole buildings 
may be requitite for the purpofrs of the faid aft. For pre- 
venting the fale of one fort of coals for another, the vender 
and dealer (hall forftit, for every fuch offence, 20 A per chal- 
dron fo fold 5 and fuch vender or dealer fhall not be fuhj ft 
to ary penalty inflifted by the 3 Gro. II. c. 26, on tv.ry 
pc. fon who fhall knowingly f 11 t nr fort of eorth for, and as 
a fort of coals which they rrrl’y are not ; provided always, 
that no (hip-owner, mafter, or other perfon, having the caic 
or command of any vcflel within the faid port of London, 
(hall be fubjeft to fuch penalty in relpeft of any number of 
chaldrons exceeding 25 chaldrons, for the fame cargo of 
coals. This aft dirtfts, that no coal-meters or coal-heavers 
(hall be unneceflarily detained on board a (hip, and frttlts 
how the wageBof coal-heavers fhall be paid ; it alfo requires, 
that (hip-meters (hall give certificates or the coats delivered in 
each lighter; and that no fraftional pait of five chaldrons fhall 
be delivered into any room of a barge, under a penalty of for* 
feitureinthe (irft cafe, of a fum not exceeding 10/., and in the 
latter not exceeding 20/. Tibs ftatute further erj >ins and 
preferibes the mole of remeafuring coals by the vat; 
and alfo enafts, that in cafe the coals l'o rtmeafured (hall wot 
amount to the quantity mentioned in the certificate of fuch 
fhip-mrter as required by this aft, the coal-meter, who mta- 
fured them from the veflel into the craft, (hall, for every 
bufhel found deficient, if the deficiency be not equal to three 
bufhelu in five chaldrons, forfeit per bufhel, and if fuch 
deficiency (hall equal or exceed thrtc bufhrls in five chal- 
drons, then fuch meter fhall forfeit 5/. per bufhel ; and alfo 
the expcnces of placing the vn for the remeafuremtat. Car- 
men are required to carry a bufhel meafure in their carts, of the 
form, fize, and dimenfions chrtfttd by the 12 Ann* c. 17 I 
and the carmen, not having fucli mtafure, fhall, for cvrry 
offence, forfeit not exceeding 10 A nor lefs than 40 *. j *nd 
the vender or dealer in fuch coals, fhall forfeit not exceeding 
.20/. nor lefs than 5/. Carmen are alfo to deliver a printed 
ticket in a preferibed form, previous to the delivery of any 
coals ; and in default of fuch delivery, for every fuch offence 
forfeit not exceeding 10A nor lefs than 40/. Meters arc for- 
bidden to give certificates without aftually meafuring the 
coals comprifed in them, under forfeiture of a fum not exceed- 
ing 20/ if it fhall appear upon the remcafurement of fuch 
coals, or any part thereof, that any fack (hail not contain 
three bufhels ; then the vender of, or dealer in fuch coa’i, 
(hall for every fack of coals deficient, on the remea fine men t, 
forfeit not exceeding 40/ for every fack fo found deficient. 
Every fack ufed for the delivery of coals within the limits 
determined by this aft, fhall meafure in the infide, at haft 
four feet two inches in length, by two feet one inch in 
breadth, under a forfeiture of a fum not cxceedmg 40J. ; 
and no fack (hall, after the palling of this aft, be marked at 
the Guildhall of London, or at the exchequer at Weftmin- 
llcr, that (hall meafure hfs than above. The penalty on 
carmen for driving away coals without meafuring, whtn re- 
quired, for every luch offence, is a forfeiture of a fum not ex- 
ceeding 10/. j and the vender or dealer (hall incur the fame 
forfeiture ; and fuch coals (hall be forfeited for the benefit of 
the poor. 

From this account of coal, as an article of commerce* 
and the laws relating to it, we now proceed to its natu- 
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ral hiftory, There arc three genera or families of coal I 
viz. brown coal, black coal, and uninflammable cqal. 

I. Family.— Brown Coal. 

Sp. 1. Common hr own Coal % Bovcy Coal s Surturlrand > or 
bituminized Wood. Its colour i< lght brow nidi black t it oc- 
curs in mafs; its longitudinal frafture is fibrous lamellar, 
palling into (laty or woody, and is (1 ghtly glimmering ; iti 
croff> friifture is more or lefs conchoidal, with a (hiniug re- 
finous iuttre ; it acquires a polilh by friftion, and is mode* 
rately hard. Sp. gr. 1.4, wlun pure, but whtn mixed with 
pyrites, it if often corfi.it rably heavier. 

It burns with a weak flame, like hall-charred wood, giving 
out an unpUafsnt bituminous odour; when ignited in an 
cpvnfire, it leaves a (mall quantity of white afhet*. Ac- 
co ding to Mr. Hatchett (Phil. Traui. for 1804), lco parts 
yield by dt (libation 

30. Acidulous water. 

10.5 Thick, brown, oily bitumen. 

45. Charcoal. 

j 4. 5 Hydrogen, carbunetted hydrogen, and caibonic 

ac»d. 

ICO o 


It is found in England at Bover* near Exeter, and in 
fmaller quantities in the ifland of Puibeck, fome parts ef 
Hampflurc, SufTtx, flee. lodged in pipe clay. It is alfo 
found in the territory « f Hide and other parts of Germany, 
in Denmark, Iceland, Greenland, Italy. l 4 aro iflands, flee. 

Sp. 2. Moor Coal, Its colour is dark hlackifti brown; 
it occurs in mafs, forming thick beds, wf ich are full of rifts 
and craLks. Internally, it exhibits a blight refmous luftre ; 
its longitudinal bafturc is imperfectly fi.-tty, its crofs frafture 
i? (.ven, approaching to flat conchoidal. It. breaks into 
rhombo'dal ‘fragments. It is vti) Under, talily frangihic, 
and of low fpecific gravity. 

It is found in Bohemia, Tranfylvania, in Denmark, the 
Faro i (lands, &c. 

II. Family.— Black Coal. 

Sp. I. Slate Coal. Its colour is pure black, or grryifh* 
black, and is often iridcfccntly tarnifhed. It occurs in mafs, 
and commonly poflefles a high refmous lullre. Its longi- 
tudinal frafture is (laty ; the croft frafture is fmall grained, 
uneven, pafling’ into flat conchoidal. It breaks into anptilar 
fragments. It is foft and eafily frangible. Sp. gr. 1.25 to 
1.4. It contains from 57 to 64 per cult, of charcoal, Irom 
33 to 4.3 per cent, of bitumen, and from 3 to 6 per cent, of 
earth and oxyd of iron. The bitumen is partly in the ftate 
of afphaltum, and partly in that of maltha ; in proportion 
to the prevalence of the former, is the caking quality of the 
coal. 

A 1 mo ft all the common coals, a9 p*t coal, fea-coal, 
caking-coal, bituminous coal, run-coal, rock coal, flee, be- 
long to this fpecics. 

Sp. 2. Pitch Coal , or Jet Its colour is velvet black. 
It occirs in dials, in plates, and fometimes in the (hape of 
branches and trunks, with the true ligneous texture. It has 
a brilliant nfinous luftre, and a conchoidal fracture* It 
is foft and brittle. Sp. gr. 1.3. It burns with a greenifh 
flame and a Urong bituminous odour. It occurs in Spam, 
the fouth of France, and in the Pruffian amber miner, 
where it is called black-amber. In France, this fnbftattce 
is manufaftured into buttons, Beads, and other trinkets. 

Sp, 3. Cannel f or Candle Coal, Splent Coal% °r Parrot* 
Coal of Scotland. Its colour is dark greyifti black It oc- 
curs in mafs, and has a gliftcning rtfinous luftre. Its frac- 
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tore !« conchoidaL It is much Icfi frangible than common 
coal. Sp. gr. i.aj. It is very inflammable, and crackles 
mud flic* while burning. It flames much and burns quickly, 
does not cake, and leaves from 3 to 4 per cent, of allies. 
The fpltnt-coal of Scotland is a coarfe flaty variety of the 
above, containing pyrites, and leaving, after combuftion, 
about 20 per cent of allies. 

Cannel coal incurs occafionally in the Newcallle pits, m 
Ayrlhire in Scotland, and clfewhcrc, but the iargelt beds of 
it, and of the pureft kind, are near Wigan in Lancalhire. 
It is an excellent fuel ; it will take a good polifh, and may, 
with care, be turned in a lathe, into fnuff-boxes and other 
trinkets, which are often paffed off for true jet. 

III. Family.— !/ nitiflammabU Coal. 

Sp. 1. Mineral Charcoal . Its colour is grey ifh black. 
It occurs in plates and irregular pieces. It has a glimmer- 
ing, filky iultre, and a fibrous fra&urc. It foils the fingers, 
is Toft and friable. It is fomewhat heavier than common 
charcoal, and burns to allies without flaming. It ge- 
nerally occurs mixed with flatc-coal. 

Sp. 2. Kilkenny Coal, Wcljh Culm , or Stone-Coal. Its 
colour is dark iron black, verging on ileel-grey. It occurs 
in mafs, has a bright metallic iultre. Its longitudinal frac- 
ture is flaty 5 it9 crofs fradure is fmall and imperfectly con- 
choidal. Sp.gr. J.5. to 1.8. 

When laid on burning coals, it becomes red hot, emits a 
very light lambent flame, like charcoal, and is at length 
flowly con fumed without caking, leaving behind a portion 
of red afhes. 

The true Kilkenny coal is harder than Welfh culm, and 
of a brighter lullre ; it often contains pyrites, and there- 
fore gives a fulphurcou3 odour when burning. This fpecics 
of coal is found alfo in Hungary, Italy, and France. 

Thefc arc the moll confidcrablc varieties of coal com- 
monly known ; but we mull not imagine that each of them 
is to be met with in a pure Hate, in thofe places where they 
are found ; on the contrary, the different qualities and pro- 
portions of their ingredients make a vail number of other 
varieties, fit for different purpofes, according to the quality 
and quantity of thofe they contain. The various kinds of 
coals are often found mixed with each other under ground, 
and fome of the finer forts run, like veins, bt tween thofe of 
a coarfer. Mr. Magellan obferved in the fine coals employ- 
ed in a curious manufactory at Birmingham, that they pro- 
duced a much clearer flame than he had ever feen produced 
from common coal, but, on inquiry, he found that thefe 
were picked out from the common coals of the country 
through which they ran in veins, and were eafily diftinguifh- 
cd by the manufacturers, though they did not afford fuffici- 
cut indications of a fpecific difference. The purpofe to 
which they were applied, wan the moulding of rods of tranf- 

E arent and coloured glafs, into fhapes proper for common 
uttons, which the workmen performed with allonilhing ex- 
pedition. 

On fubjeCting pit-coal of any kind to diftillation in clofc 
refills, it firll yields watery liquor, then an aethcrial or vo- 
latile oil, afterwards volatile alkali, and, laftly, a thick and 
greafy oil. But it is remarkable, that by rectifying this lall 
oil, a tranfparent, thin, and light oil, of a lira w colour, is 
produced, which, being expoied to the air, becomes black, 
like animal oils. From this and other obfervations, the ge- 
neral opinion is, that all coals, bitumens, and other oily fub- 
ftances found in the mineral kingdom, derive their origin 
from vegetables buried in the earth, during the fucceflive 
proccffcs of ftratification j fince it is well knows); that only 
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organized bodies have tbe power of producing oily and fat 
fubftances. 

Before a coal-pit is funk, it is neceffary to explore the 
ground by boring, but if there are already pits in the 
neighbourhood, feCtions are obtained from them, which 
prevent the necefllty of doing fo. 

Boring is accomplilhed in the following manner: The 
rods are made of iron, from three to four feet long, and one 
inch and a half fquare, with a folid or male ferew at one 
end, and a hollow one at the other, by which they are fatt- 
ened together, and as the hole formed by them increafes 
in depth, other rods are added. The child is about eight 
inches long, and two and a half broad at the extremity, 
which is icrewed on to the end of the lower rod, and a le- 
ver or handle is put through an eye at the top of the 
upper rod. 

The mode of operation is, to lift up the rods a little, and 
then let them fall, turning them at the fame time gently 
round ; by a continuance of this motion, a hole is fretted, 
and worn by degrees through the hardeft llrata or rocks. 
The borers can fix on handles for two, three, or four per- 
fons to work as they find it neceflary. After they get 
down to a certain depth, the rods are wrought by a bracke ; 
a box of wood is firft inferted into the ground, to keep the 
rod3 in a vertical or ftraight dirc&ion, and a triangle is ereCt- 
ed over the fpot where the boring is to be made (which is 
about three inches in diameter), for the fake of drawing up 
the rods ; they have one key, or temporary handle, for un- 
ferewing, and another for fecuriiig the rods from falling 
back again • they ufc a clofe wimble to bring up fludge and 
foft matter. When the chifel is blunted, or has cut 
down four or fix inches, the rods arc lifted up, either all 
together, if there be convenience, or by pieces, when a key 
is ufed to keep the rods from dropping down the hole $ the 
chifel is ferewed off, and the wimple or fcoop fere wed on. 
This being put down, brings up aftervvaids the dull or 
pulverized matter of the llratum through which the ch.fel 
has cut, and fhew9 as well what kind of matter they are 
boring in, as the exaCt depth thereof. 

A confiderable improvement in this effcntial operation was 
made a few years ago, by Mr. James Ryan, a gentleman of 
Ireland, for which he took out patents in 1S055 a copy of 
that for England may be feen in the 2d feries of the ‘• Re- 
pertory,” vol. vi. p .324; this confifts in uling a cylindrical 
cutter, fomething like the furgeon's trepan-iriftroment, by 
which a core, or folid and unbroken piece of each ftratum, 1* 
cut, and by other tools brought vertically to the furface, in the 
exaCt pofition as to the cardinal points, in which it flood in the 
ftrata, and thus the quantity and direction of the dip, as well as 
the exaCt nature of the ftrata ormeafures, are correCtly afeer- 
tained, the former being molt effentiul eircurallances towards 
determining the proper place to fink an engine fliaft, for 
draining the bed of coals intended to be worked. The 
borers and apparatus of Mr. Ryan are calculated to form a 
hole of any llze, from eight inches to near as many feet in 
diameter ; fome of two feet diameter have, we are told* 
been a&uaily funk thereby, to a confiderable depth, and 
anfwer the purpofes of pump and air- (hafts, and that one, 
nearly eight feet in diameter, is now finking thereby in Ire- 
land ! In April, 1807, Mr* Ryan prtfented a complete 
fet of his apparatus to the Board of Agriculture in Lo\- 
dun, and bored a hole of fome drpth therewith near Ken- 
fington, under the infoedion of fome of its members * the 
cores or borings therefrom, being exhibited to the Boaid,and 
lodged with the apparatus in tiicLr repertory, they voted & 
pecuniary reward to Mr, Ryan. From the apparent iub 
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portance of this difcovery to mining, but to coal-finding in 
particular, we were induced to wifh, to ;rive an accurate de- 
ferption and -drawings in this place of Mr. Kya'.’n appara- 
tu,; and procefs, but found the frr too (hort, after the 
Board of Agriculture became polk ft*. 3 of the fame, to do 
it here ; under t>»e utricle Mining, v*t (hall endeavour to 
give them in the further flat'* of per fiction, in which practice 
will doubtlefs then prrfmt the fame. 

Boring is of the utmoft life and importance in collieries, 
for by boring previoufly to the linking of? pit, the own *r«'p!(» 
cure moft cffential data on which to pio: - being inforn cd 
before hand of the nature of the earth, minerals, and waters 
through which they have to pafs, and knowing, to an inch 
Or fo, how deop the coal lies, a a wrl* an the quality and 
thicktiefs of the ftratum bond. The boring notes of collieries 
are »he grand arcana of the coal-mmmg itauc, which the 
owners fometimes difl.kc to dilcover to the prying eyes of 
the philofopher. They have, however, been occalionaily 
exhibited, which gives us an opportunity of laying before 
our readers an account of what relates to the boring of 
two of the principal collieries in the neighbourhood of Ncw- 
caftle. 

Se&ion of tbe Strata South of the Main Dike in Montague 
Main Colliery, 3^ Miles above Newcastle. — The Numbers 
in the fir ft column on the left-hand form an Index, from 
which it will be immediately perceived, where the fame 
flrata occur ; the fecond column contains the number of 
the ftrata,'the third the names of each, and the fourth, or 
numeral columns, exprefs the thickucfs of each ftratum in 
Fathoms, Yards, Feet, and Inches. 

Thickncfs of each Stratum* 
Particulars of the Strata. Fa. Yds. F«. In. 

oiSul - . - 0010 

0 a Clay - - 2 0 2 0 

1 J White poft: - -0026 

0 4 Co*I - -0004, 

1 5 Black metal (lone - -0102 

3 6 Grey poll - -1120 

4 7 Blue metal Hone - * - 2 t I 0 

3 8 Grey poft - -2000 

1 9 Strong white poll - 2100 

3 10 Grey poft - - 0110 

5 1 1 White poft with black metal partings 5000 

3 12 Grey poft * - - 0014 

6 13 Brown poft with coal pipes • o 1 1 8 

t 14. White poft - - 2100 

7 15 Ditto mixed with whin - -0100 

o 16 Coal - - 0006 

2 27 Black metal (tone - 4100 

8 18 Grey metal ftone • 4200 

9 19 Brown poft with ftcanny partings 0110 

0 20 Coal - -0009 

8 2t Grey metal ftone - 1 1 2 10 

10 22 Coal *1 - -0019 

11 23 Btnd > Benwell Main - 0006 

10 24 Coal j - .0100 

8 25 Grey metal ftone • o r 1 o 

1 26 Strong white poft - 2110 

12 27 Whin - -0020 

1 20 White poft - - 1020 

0 29 Coal * • o o 1 8 

2 30 Black metal ftone - 1 t o o 

1 31 White poft • - 3000 

2 32 Black metal ftone - 4100 

8 33 Grey ditto • -3024 
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Thicknefa of each Stratum.' 


*3 34 

Pi 'tScnhtrs of the Strata. 

Ditto pull with uluii glid es 

JKh. 

2 

Yrs. 

1 

Fr. 

O 

In. 

O 

1 35 

Strong wiii'e poft 

6 

O 

2 

0 

8 36 

Grty mttai ftone 

3 

O 

2 

0 

0 ,7 

Coal 

0 

O 

O 

8 

14 3 « 

r*- 

“ 5 . 

c- 

n 

1 

1 

0 

O 

2 

0 

8 39 

Grey metal ftone 

I 

O 

t 

9 

1.5 40 

Coal. Bf.a 1 mmmt Seam 

0 

I 

O 

4 

16 41 

SMorg w hitc tli’l. 

0 

I 

O 

7 

1 4 2 

Ditto do. poft 

2 

0 

O 

4 

1 42 

Coal 

O 

O 

I 

6 

*7 44 

Black thill 

O 

O 

2 

4 

S 43 

Grey metal ftone 

O 

0 

I 

2 

3 4 ^ 

Ditto pv>ft - 

O 

0 

2 

O 

8 47 

Ditto fY'etal ftone 

O 

0 

2 

IO 

1 48 

Strong white poft 

O 

I 

O 

4 

0 49 

Coal 

O 

0 

1 

J 

2 50 

Black metal ftone 

1 

0 

2 

4 

1 5 l 

White poft 

O 

0 

I 

8 

j8 52 

Blue metal ftone with poft girdles 

1 

0 

O 

0 

‘9 53 

White poft with whin gridics 

2 

0 

1 

9 

2 54 

Black metal ftone 

O 

0 

I 

5 

3 55 

Grey poft 

O 

0 

1 

2 

4 5 6 

Blue mend ftone 

O 

I 

O 

0 

1 57 

Strong white poft 

O 

0 

t 

J 

4 5 8 

Blue metal ftone 

I 

0 

2 

1 

0 59 

Coal 

O 

0 

O 

8 

17 60 

Black thill 

O 

I 

O 

4 

18 61 

Blue metal (lone with poft girdles 

I 

0 

I 

0 

3 

Grey poft 

O 

1 

O 

0 

1 63 

Strong white poft 

3 

I 

2 

6 

2 64 

Black metal ftone 

0 

0 

O 

1 

20 6 ^ 

Coal, Low Main 

0 

0 

2 

1 1 

8 66 

Grey metal ftone 

4 

1 

O 

0 

t 67 

White poft 

2 

r 

O 

0 

21 68 

Grey m.tal ftone with poft girdles 

1 

0 

O 

0 

19 69 

White poft with whin gmilts 

3 

0 

1 

6 

2 1 70 

Grey metal ftene with poft do. 

0 

1 

I 

0 

21 7 r 

Coal, Low Low Main 

0 

0 

2 

10 

8 72 

Grey metal ftone 

0 

1 

2 

0 


1 73 White polt - • 0 0 2 0 

8 74 Grey metal ftone - - 0018 

2 75 Black metal do. - - o o o 10 

8 76 Grey do. do. - 1026 

3 77 Ditto poft - - I O O *6 

19 78 Strong white poft with whin girdles 3118 

8 79 Grey metal ftone - 3 o 2 6 

3 80 Ditto poft - - 0020 

1 8 1 White poft - -0120 

8 82 Grey metal ftone - -0010 

o 83 Coal - - 0006 

8 84 Grey metal ftone - -0010 

21 83 Ditto with poft girdles - 3022 

o # 86 Coal - - 0005 

8 87 Grey metal ftone - - 0004 

3 88 Ditto poft • • 1016 

7 89 White do. mixed with whin *2104 

8 90 G*cy metal ftone - -0010 

jo 91 Coal - - 0003 

2 92 Grey metal ftone with poft girdles 1006 
19 93 Strong white poft with whin do. 0123 

122 123 
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geflion of the Strata of the Low Main Coal at Saint An 
thony’s Colliery, three Miles below Newcaftle. 


Thicknefa of each Stratum. 


© 

Particulars of the Strata. 

Soil - * 

Fa. Yds. Ff. In. 

0 0 

0 

Clay 

4 

0 

I 

Brown poft • 

12 

0 

0 

Coal • • 

0 

6 

2 

Blue metal Hone 

2 

0 

3 

White girdles 

2 

0 

0 

Coal 

0 

8 

4 

White and grey poft 

6 

0 

5 9 

Soft blue metal (tone 

5 

0 

0 10 

Coal 

0 

6 

6 11 

White poft girdles 

3 

0 

7 1* 

Whin 

1 

6 

8 13 

Strong white poft 

3 

0 

0 14 

Coal 

0 

0 

9 *5 

Soft blue thill 

1 

0 

10 16 

Soft girdles mixed with whin 

3 

0 

0 17 

Coal *• • 

0 

6 

11 18 

Blue and black (lone 

3 

0 

0 19 

Coal 

0 

8 

8 20 

Strong white poft 

1 

0 

12 21 

Grey metal Hone 

1 

0 

0 22 

Coal 

0 

8 

*3 

Grey poll mixed with whin 

4 

0 

14 24 

Ditto girdles 

3 

0 

*5 *3 

Blue and black ftonc 

2 

0 

0 26 

Coal 

0 

0 

12 2 j 

Grey metal Hone 

2 

0 

8 28 

Strong white poft 

6 

0 

l6 29 

Black metal Hone with hard girdles 

3 

0 

*7 3° 

Coal, High Main 

1 

0 


76 o o o 


Thickneft of each Stratum, 
Particular* of the Strata. Fa. Yd*. Ft, in. 

24 39 White poll mixed with whin - 3 0 0 7 

7 60 Whin - • ooio 

24 6j White poft mixed with whin - 1006 

12 6a Dark grey metal Hone • 0103 

o 63 Coal - - 0106 

27 64 Grey metal with whin girdles - 1 1 1 10 

2 1 65 Ditto with girdles * 1100 

o 67 Coal - . 0102 

23 68 Blue and grey metal • o 1 j o 

8 66 White poll • 0100 

o 69 Coal - -0009 

23 70 Blue and grey metal - 2000 

24 7 r White poll mixed with whin - 0116 

18 72 Grey metal - -1006 

2 1 73 Ditto with girdles - -1009 

28 74 Coal, Low Main - - 1006 

1 3 $ o 1 6 

■From the foregoing feftion* will be feen, the various forts 
of fubftanecs through which the miner, near Newcaftle, has 
to pafa, before he comes to the objedfc of his purfuit : thefe 
fubllances we may divide into fix different claffes, of each of 
which we will give an account in their order. 

ift. Whin-Hone; theftrata thus named are the hardeft of 
all others, fo that angular pieces of it will cut glafs. It exhi- 
bits, by frafturc, the appearance of large grains of fand, half 
vitrified. It can (carcely be wrought, or broken in pieces 
by common tools, without the afliftancc of gunpowder; it 
decays a little by being expofed to the atmofpherc, leaving 
a brown powder; in the fire it cracks, and turns reddi(li- 
brown. Each ftratum is commonly homogeneous in fub- 
ftance and colour ; the moll common of which are black or 
dark blue, yet there are others of it afh-coloured and light 
brown. 


Grey metal 
Poft girdles • 

Blue metal 
Girdles 

Blue metal (lone 
Poll 

Blue metal (lone 

Whin and blue metal 

Strong white poll 

Brown poll with water 

Blue metal Hone with grey girdles 

Coal 

Blue metal Hone 
White poll 
Coal 

Strong grey metal with poH girdles 
Ditto white poH 
Whin . 

Blue metal Hone 

Grey ditto with poft girdles 

Blue do. whin do* 

Coal 

Blue grey metal 
White poll 

Ditto mixed with whin 
White poft 

Dark blue metal and coal 
Grcj metal ftonc and girdles 


500 

O O I 

300 
o 0 1 


300 

O I I 

000 
2 0 0 


2 0 0 
2 0 0 
10 2 
0 0 2 
2 0 2 


o 2d. Poft-ftone, is a free Hone of the hardeft kind, of a very 
o fine texture, and when broken, appears compofed of the 
o„ fine ft faod. It is commonly found in a homogeneous mafs, 

2 though variegated in colour, and is not fubjeft to injury 
o from expofure to weather: there are four varieties of th’s 
o Hone; ift. The white-poll, which, in appearance, is like 
o Portland-ftone, but considerably harder. This is fometimes 

6 found having brown, red, or black fpots. 2d. Grey-poft, 
which has the appearance of a mixture of fine black and 

7 white fand; it is often variegated with brown and blaik 
o ftreak 3 , the laft mentioned look like Imall clouds compofed 
O of particle* of coal. 3d. Brown or yellow poll is often met 

3 with of different degrees of colour, moll frequently that of 
o light ochre or yellow fand. It is as hard as the others, and 
6 fometimes has black and white ilreaks. 4th. Red-poll is 

6 generally of a dull red colour. It is often ftteaked with 
o white or black, but h rarely met with. All thefe lie in 
o ft rata of different thickneffes, but commonly thicker than 

7 any other ftrata. They are feparated from each other by 

5 fmall partings of coal, of fand, or of foft matters of differ- 
3 ent colours, which are very dillinguilhable. 

6 3d. Sand- Hone ; this is a free Hone of a coarfer texture than 

8 the above 5 it is eafily pervious to water, and when broken, i* 

7 of a coarfe fandy texture. It is friable, and readily moulders 
o to land when expofed to the air and rain. It has frequently 
o white fcining fpanries, or plates of mica, in it, and peb- 
2 Dies, or ©feticr fmall ^ nodulous ftones inclofed in its mafs; of 
o this there arc two kind*! diftinguifhed by their colours grey 
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and brown. Its* found in confiderable thicknefs with but 
few parting*, which are fasidy or Toft. It is fomctirnes in 
layers as thin as the common grey Date. 

4th. Metal-ftone 5 this is a tolerably hard ftratum, n°xt 
in point of hardnefsto fand-ftone, fohd, c^mpaft, of confi- 
derable weight, of an* argillaceous fubftance, interfp*rfcd 
with nodules or balls of iron ore, and yellow or white py- 
rites. The furfuces of its ftrata are bard, poiifhcd, and 
fmooth. When broken, it has a dull dufky appearance, is of 
a fine texture, like lia-d, dried clay mixed with pa 1 tides of 
coat. Though hard in the mines like the fand-ftone, it 
moulders when txpofed to the a&ion of the air. Its colour 
Varies from black to light brown or grey ; it lies in ilrata of 
various thicknefs. 

5th. Shiver; this ftratum is more frequently met with in 
collieries than any other; it ia known to the miners under 
the names of black (hiver, black metal, or H-as ; the black 
is the moft common, it is fofttr than metal done, and, in 
the mine, is rather a tough than a ha»d fub dance. It is en* 
lily feparable by the multitude of its partings. It breaks 
into long fmall pieces when ftruck with force, which, on 
examination, prefent the figures of fmall irregular rhomb- 
oids, each of which has a polished glaffy furface ; when 
broken acrols the grain, it exhibits a dry laminated tex- 
ture, like exceedingly fine clay. It is very friable, feels to 
the touch I ke an unrituous fubilancc, and diflblvc s in air or 
water to a fine black clay 5 and, like the Iaft mentioned, it 
fomctirnes contains nodules of iron ftone, often even beds of 
iran-ftone are found in it- The colour of the fhiver is not 
confined to black; it difeovers brown, dun, and grey colours, 
and a variety of ftudes according to the proportions of 
each. Its ftrata are parted from each other by lamina of 
fpar-coal, or other in itter ; as may be fecn by the fore- 
going le&ion. 

Many of thefe ftrata are confiderably thick, being fre- 
quently found from ico to 200 feet in depth, or upwards, 
Of nearly the fame kind of matter throughout, whilit others 
a/ain are of the leaft imaginable thicknefs. They are all di- 
vided or parted from each other, either by an even, f rooth, 
poiifhcd furface, or with a very thin lamina of fofs dully 
m. itter between them, called the parting, by winch mea, s 
they are eatily feparated j yet though the furfaces are fotne- 
times fo clofely joined together, that it is ivilh difficulty 
they can be, feptrated, which is called a bad parting, they 
are never known to be in the flighted degree inter, 
miiurled. 

There arc b files this principal divifion or parting, l*e- 
condtry ones alfo laterally, but thefe are not lo ftroug or 
vifible, and are only met with, where the texture is not of 
a uniform hardnefs or colour through the w hole body of the 
ftrata. In fclrnoft every ftratum there are other divifions 
cail-d backs, which crofs the former longitudinally, and cut 
the* whole ftratum through its two furfaces; thefe are again 
Crofted by others, ca’led cutters, running cither in an 
oblique or perpendicular dirc&iou, and which cut the ftra- 
tum through its two furfacts, and, together with the other 
partings, divide it into various figures. The fofter kind of 
ftrata has in general more backs and cutters than the 
harder ones, which fometimes have thin partitions of dully 
or foft matter, but like the partings are fometimes without 
any. Whenever the ftrata lie regularly they are thus di- 
vided, and generally extend in th ; s manner through a large 
extent of country, though it is often otherwife, for that 
regularity is frequently interrupted, and the ftrata diforder- 
cd by various chaftns, breaks, or fiffurts, which arc called 
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dilcs, hitches s and troubles , according to their dimenfions, and 
the matters with which they are filled ; firft. 

Dikes, or faults , are fiffurcs of the largeft kind, which 
feem to be cracks, or breaks, of the f lid ftrata, occaftoned 
by one part of them being broken away and fallen from the 
other. They generally run in a ftraight l ne for a confider- 
able length, and penetrate from the fuiface to the grezteft 
depth ever yet tried, in asdire&ion fometimes perpendicular, 
and fomttirr,e9 cblique, to the horizon, in which cafe they 
are faid to hade or underlay. The fame kind of ftrata are 
found lying upon tach oiher in the fame order, but the whole 
of thtm are fometim s greatly elevated or dcprtfiVd on thcone 
fide of the dike or on the other. Thefe fiffures are fre- 
quently two or three feet wide, and at other tone- many 
fathoms. If the fifiure or dike be of any confiderable 
width, it is generally filled with' heterogeneous matter, differ- 
ent from that of the folid ftrata on each fide of it ; fome- 
times with clay, grnvel, or fand, fometimes with a con- 
fufed mafs of different kinds nf ftone lying edge-ways, and 
at others with a folid body of. frec-ffcone or even whin-ftone. 
When the fiflure in of no great #idth, flip pole two or three 
feet, it is then ufually filled with a confuted mixture of the 
different marten which compofe the adjoining ftrata, coiifo- 
lidated into one mafs. If the dike ru»s or ftretches no-tli 
and fouth, and the fame kind of ftrata are found on the call 
fide of the dike, in a fituation with refpc& to the horizon, 

10 or 20 fathoms lower on the other fide, it is then find to 
be a dip dike, or down-cait dike, of 10 or 20 fathoms to the 
ealtward ; or counting from the eaft fide, it is then faid to be 
a rife dike or upcaft, of fo many fathoms weftward. If 
the ftraia on one fide arc not much higher or lower with re- 
fpe& to the horizontal line, than thofe on the other, but 
only broken off, or removed to a certain diftance, it is then 
faid to be a dike of fo many fathoms deep, and from the 
matter contained between the two fide*, it is denominated a 
clay, a ftone dike, &c. There are fome, though they are 
Hut often nut with in the coal countries, whole cavities are 
filed with fpar, ores cf iron, lead, or othdr metallic 
Or mineral matters ; and it is pretty well known, that all me- 
tallic veins are nothing elfc than what in the coal countries 
ire called dikes. It generally happens, that to a confiderable 
diftance on each fide of the dike, all the ftrata arc in a kind of 
fluttered condition, very tender, eaiily pervious to water, 
and dv baled greatly in their quality, and in their inclination 
to the horizon often altered. 

2dly. A h*:h is only a dike of fmallcr degree, by which 
the ftrata 011 one fide are not elevated or feparated from 
thofe on the otlur more than a fathom. Thefe hitches arc 
denominated in the fame manntr as dikes, according to the 
number of feet which they elevate or deprefR the ftrata.* 

3dly. Trovbles or bends may becalltd dikes of the fmal!- 
eft d gree, for they arc not a real breach, but only a ten- 
dency towards it. The ftrata are generally altered by a 
trouble or bend from their regular dire&ion to a different 
one. Wheh the regular cuurle of the ftrata is nearly level, 
a trouble will caufe a confiderable afeent or defeent ; where 
they have, in their regular fituation, a certan degree of af- 
cent and defeent, a trouble either increafcs or alters it to a 
contrary direction 5 and a trouble has thefe tffe£ts upon the 
adjoining ftrata in common with dikes, that it greatly debafes 
them from their original qualities; the partings are feparated ; 
the backs and cutters disjoined, and their regularity difor* 
dertd; the original cubic and prifmatic figures, of which the 
ftrata are compofcd, are broken, the did cation filled with 
heterogeneous matter, and the whole ftrata are reduced to 
a fofter and more friable ftatc. 
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Not with (landing that the dikes and hitches, or faults, as 
they are as generally called, are filled with extraneous mat- 
ter/, in a coniidcrable decree of diforder, yet there generally 
is a /«*//«?. as the miners call it, or ftreak of imperfect and 
m i K ed coal, which leads or direfts to the vein on the other 
fide of the fault, whether the fame be higher or lower, and 
by which they are in a coniiderable degree directed, in cut- 
ting the fault to recover their vein ; in very coniiderable 
faults, like that on the north of > T cattle, which drops 
the ftmt a VP fot, is not probable that any leading can 
be trad'd.' In the coal-mines near Bath, there is a fault 
which ha** nlrercd tlu level of the fame vein of coals, much 
more than in the'above cafe. 

Bv the finking of the (haft, which is a narrow, per- 
pendicular paffage, a communication is opened with the 
various If rata above^mentionrd, and the different veins of 
coal. The II rata of this fulfil are ftldorn or never found to 
lie in a true horizontal fituation, but generally have an in- 
clination or defeent, called, as before noticed, the dip, to 
feme particular part of the horizon. If tins inclination be 
to the eatt, it is called the call dip and a weft rife, and ac- 
cording to the point of the compute, to w inch the dip lies, is 
it denominated. This inclination, or dip of the ttrata, is 
found every where; in fome places it varies very little from 
the level, in others very confiderably, even fo much as to be 
nearly in a perpendicular direction ; hot whatever degree of 
inclination the ft rata have to the horizon, if not interiuptcd 
by dikes hatches, or troubles, they are always found to lie 
in the regular manner firft mention* cl. They geneially con- 
tinue upon one uniform dip, until they are broken ordifordcred 
by any of the ahwc interruptions. Wallis, in his 18 Hillory 
of Northumberland,” tells us, that the ttr.ita in that part 
of the ifland generally rife to the north-well and dip to the 
fou th call. Dr. Stukely, in his 48 Itin. Curiof.” 17 25, 

fays, that fome of the coal-works in the fame country dip full 
eaft ; but it is plain, he adds, that fouth-eaft is the natural 
dip. As thofe at Whitehaven, inclining fouth-weft, re- 
ceive, he fuppofes, a counter-bias, as being on the weft 
fide of the ifland ; he further obfervee, that the principal 
dip iB to the fouth-eaft ; yet in this country dips in 
various directions, as the fall of vallca, or beds of ri- 
vers, as well as the caufes above-mentioned, occafionally 
influence its primary bent. See Geology, Plate I. Jig. I* 
where aa is intended to reprefent the vegetable mould or 
alluvial matters depofited on the furface of the regular 
ltrata, reprefented by b> c 9 d, e, &c. on the left-hand fide 
of the figure. A A, and BB, are intended to fhow the 
dikes, by which the fame are disjointed, drjprcffcd, or ele- 
vated, as before deferibed ; and where CC (nows a hitch or 
fmalUr dike; DD, EE, FF, and GG, are the repre- 
fentations of troubles or bends of the llrata. 

Such are the ufual difpofitions of the ftrata ; two principal 
difficulties are met with in the defeent, the firft is in keeping 
out quick-fands where they occur, and the fecond to keep 
the (haft fodry as to allow the men to work. A quick-land 
is kept out by a procefs called 88 tubbing , 99 that is forming a 
circle in the infide of the pit where the fand bed is, with 
Haves of oak, each piece being (hod with a (harp piece of iron $ 
thefe are driven through the ilratum of fand, lo clofely joined 
that no water can penetrate, and are kept in their utuation 
by internal hoops or kirbs at certain diftances 5 the water ia 
drawn out now generally by a (team-engine and pump. See 
Steam Engine, Pump, Prejfure Engine, Bucket Engine. 

Through a large diftrift of South Wales, their highly 
valuable veins of coals, of which an account was lately pre- 
fented hy Mr. Edward Martin to the Royal Society (and 
publifbed in the Philosophical Traofactions for 1806, p. 
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342, &c.) are gained at comparatively trifling cxpences, com- 
pared with moftof the Newcaftlepits ; the depth of the val- 
liesand heightsof the hills in that partof the country, allowing 
Several fucceffive and thick veins of coals to be worked by 
tunnels into the hill above the level of the rivers, or fprings of 
water, in the vallies; and the coals, and the valuable iron 
one which alfo abounds, are let down into the boats on the 
canal tunnels, or as loading for tram-waggons in the tunnels 
below ; through which they are conveyed to open day, 
and thence to the iron-works or place of (nipping ; of feverai 
of thefe curious works in South Walts we have given coircife 
accounts, under the names of the particular canals, rail- 
ways, 6 c c. in our article Canal; and we (hall take occalion,as 
the names of them occur in our work, to give feverai material 
additions and corrections which have come to our knowledge, 
principally through the kindnefs of Mr. Martin above men- 
tioned, fjnee that article was put to prefs, fo as to render the 
fame, we hope, quite complete. 

In the environs of Ghfgow there are coniidcrable coal- 
mines of excellent quality, which are alfo worked at an cafy 
expence ; th<y arc found under beds of quartzofc freeftone, 
winch in fome mines are more than 140 feet thick 5 it adhere* 
to the free ft one, without any intermedium. The £oal appears 
at the depth of 30 feet from the furface, in fcattered line* 
running in an irregular manner through the midft of the 
freeftone ; then follow beds of the fame Hone without the 
leaft vdlige of coal, but as the beds def end, the coal re- 
appears in fmall draggling and interrupted feams from three to 
four inches thick ; thefe are again fuccecded by an unmixed 
mafa of freeftone, which falls through a depth of more than 40 
feet, and tenninatts in folid and continued beds of coal. It 
is much to be regretted that the operation of boring is held in 
fo little eilimation in Scotland, but the reafon is very obvious; 
in England it is made a diftiuCt trade, and is conducted by 
men of information, who have been regularly brought up to 
the bufinefs : in Scotland it is tffe&ed by any common 
workmen about the pits, poffcflng neither information nor 
experience, and their accounts are confequently fo corfufed« 
impcrfcA, and equivocal, as lo merit no confidence what- 
ever. 

The great and universally felt importance of its veins of 
coals to this country, makes us again regret our inability, at 
prefent, to lay before our readers, any more than a few of 
the principles, of the modern and yet unpublifhed difeoveries 
of Mr. William Smith, on this and other fubjc£ls conpe&cd 
with the ftratification of the Britifh iflanda (lee our articles 
Jlrufture of the Earth and Stratification.) It is con- 
fefltdly of the firft importance, cither to the inhabitants of 
adiftrift in general, or to the owners of the foil in particular, 
to be able to dcteA and work fuch veins of coal, as may exift 
under their foil; and hence we find on inquiry in the neigh- 
bourhood, that almoft every common, moor, heath,* or piece 
of bad land./n parts where coals are fcarce, have at one time 
or other been reported by ignorant coal-finders to contain 
coal : how many times, for inftance, have our grandmothers 
and nurfes, repeating their (lories, told ti3, that plenty of coals 
m ; ght be dug at Blackheath, near Woolwich, and on other 
commons near London, if government had not prohibited 
their being dug, for encouraging the nurfery of ft amen, & c. 
Our inquiries, and thofe of Mr! Smith, have brought to light 
hundreds of inftances, where borings and firikings for coal* 
have been undertaken in fuch iituations, and on fuch advice, 
in the fouthern and caftern parts of England, attended with 
heavy, and fometitnes almoft ruinous, cxpences to the parties, 
though a fource of profit to the pretended coal finders, who, 
orfome of their never-failing race of fucceiTors,equallT fapient, 
have in many inftances been able to return to the lame fpot 
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f r neighbourhood, arrd pcrfuade a new proprietor to aft 
agam the fame farce, and fquander his money on an unattain- 
able obje& 5 for fuch, we can without hefitation pronounce, 
the publication of Mr. Smith's map and fedtiona of England 
will prove it to be. Thi* grntleman, more than 1 5*ycarsago 
sfeertained, by an achial examination of the country,' that the 
it rat-urn on which Loudon Hands, is the higheil but one 
(the Baglhot-Heath Sand) in the Britifh feries of ftrata, 
and that whether we proceed from London direttly for the 
NcwcalUe coal mines, in a diredfion not greatiy to the weft of 
a north point, or to thofe in Somerfttfhire, near Bath, ly- 
ing in an caftcrly d.redtion, or rather Couth of it, from the me- 
tropolis; or whether we travel thence to the neareft coal mine, 
lying in any intermediate diredfion, as in the counties of 
Durham, Yoikfhire, Nottinghamfliire, Leicellerfhire, War- 
wickfliire, Gloucefterfhirc, Stc. ; on a careful examination we 
(hall find, the very fame fucctffion of (l rata occurring upon the 
furface, and may ealily fatisfy ourfelves, by an examination 
of the quarries, pits, and even of the hollow roads and ditches, 
which are every where to be found, of the identity in the 
nature of the various ftratified matters, as fand, cha’k, marie, 
cta.y, limeftone, See , ; and of the cxadl occurrence of each in 
.the lame order, as we proceed outwards from the metropolis. 
A more particular examination will next fatisfy ns, that tlicfe 
appearances are occasioned by the fevcral ftrata which we have 
mentioned, fucct (lively rifingtowardsthenorth well, (and con- 
fiquently dipping in the contrary dirediion) generally fpeak- 
mg, and ending one after another, with very curioufiy in- 
dented or fingered edges, after which the fame ftratum never 
occurs again: the chalk ftrata, for inftarce, will he quitted 
near Dunftable, in the road to Warwickfhire, and never be 
feen afterwards on the furface, or be found funk to in any 
pit or excavation during all the remainder of the joirncy, or 
even in purfutng one in the fame dirc&ion, to the utmoft 
limits of the Britifh illands ; and, though we (hall, in fuch an 
examination, meet with a number of different fands, clays, add 
other llrata, which may feem at firft fight to be recurrence! 
of the fame llratum, after it has riftn to the furface and 
ended ; yet, on examining two of fuch more minutely, we 
(hall find, either the ftrata lying in undilturbcd contad with 
them above and below, to be different in the two cafes, or 
their vifible or chemical qualities to differ, their th'ckneffea to 
vary, or, that the fame particular fpecies of organic remain* 
are not found imbedded, or their imprtffions left in one of 
the ftrata, as are obfervabl* in the other: wherever, on the 
contrary, thefe circumftar.ces conciK, they may be faid to 
prove the identity of any ftratum, at however diilant points it 
may be compared ; andfor fhorteningour inquiries forfuchpur- 
pofe, fciencehappiiy prefents us with theprofpedt of fmilar ad- 
vantages, to thole poffcffed by the botanift of the prefent day ; 
who, inftcadof examining all the parts of a plant fuppoled to 
belong to particular genera or fpecie 6 , proceeds at once to 
examine fome one or two of them, which the writings of 
foimer hotanifts have (hown to be effential chara&ers of that 
paiticular plant ; and it is no unrenfonable hope now to form, 
that the effential charafters of each of the moft remarkable 
and ufcfnl ftrata in the Britilh ferits, will ere long be gene- 
yally known to mineralogills, fmee they have become fo to 
fome particular individuals. Each particular ftratum appears 
to us, to have formed part of one vail plane, with a (light in- 
clination towards the foutheaft, or nearly, and with great 
tx tendon in the dire&ions of N.E. and S.W. m thefe lati- 
tudes ; prior to the truly enormous violence with which the 
earth has fince been diflocattd and broken, during the form- 
ation of the dikes, faults, hitches, and troubles, which we 
have had occafion more particularly to mention in this ar- 
ticle* and fome greater ones* which wc (hall have future op* 
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portunities of mentioning, particularly that by which the 
whole of the land of England, fouth of the river Thames# 
has been dillurbcd and broken fiom its original pofition 
('bppintr S.E.) into one, in which all the ftrata north of a 
line paffing not far from Haftmgs, Battle, Eaft Grinftcad# 
Guildford, &c. have now a much greater dip, nearly at right 
angles thereto, or N. E. ; while, on the other, or fouth fide, they 
have juft a. contrary or S.W. dip? but with as many local 
deviations or partial dips in each cafe, as are ufually to be 
found, and which fomttimes vary* perhaps in feveral direc- 
tions, many times in travelling a mile, and yet on the whole, 
the ftrnta keep riling as above, the planes being the longett 
in one particular dirediion. 

The organic remains, or exuvia of different animals, and 
the remains of plants, arj found lodged in our ftrata in the 
- greattft abundance, and, to iuperftcial obfervers, appear to 
have no method or annngcment therein; but, on a clofer 
examination, and taking care to notice the minuter differ- 
ences in thefe organized icmains, it will be found, that each 
particular kind, either alone, or mixed with one or more 
dillindt kuids occup ; e9 a certain tlucknefs of ftrata, fome- 
times but an inch, or ltfs, and fometimes many feet, but ex- 
tending to the greateft diftances in the plane of that ftratum, 
and that either above or below thofe limits, the remains will be 
found to be different, or none arc found ; hence the layers 
of (bells, plants, & c. become the moft ufrful# as well as cer- 
tain, criteria of the identity of llrata ; thefe often changing# 
where the obvious qualities of the ftrata appear unchanged# 
by which m-ans they divide thick ftrata into thinner ones, 
and furnifh us with fo many more ascertained or known 
points in the progreffion of ftrata; which, in the confined 
operation of finking a fhaft or well, is of the greatelt im- 
portance, but particularly fo in boring, for afeertaining the 
it rata. See Philofophical Magazine, vol. xxv. p. 45. 

We have been ltd to enter thus far into Mr. Smith's theory 
of the ftratification, in order to explain in this place fome 
part of that which relates more particularly to the finding 
of coal; and as the mention of organic remains has, and muft 
often againoccur, we beghere to rail the attention of our read- 
ers to three diftindt eras obfervable, relating to feffil organized 
bodies; ift, that period in which the animals themfelves, or 
their exuvia, and vegetables, were quietly depofited and 
buried, in and among the fucceffive depofitions of ftrata# 
taking effeft according to laws, apparently as uniform and 
extenfive as thofe of cryftallization ; 2d, a period wherein 
the ftrata were ruptured, torn, and walhcd by mighty cur- 
rents of water, and during which great quantities of the 
organ zed remains from within the ftrata were detached# 
broken, and worn, and at length left with the gravel and 
alluvial matters, which now cover almoft every part of tke 
furface, although, in many places, fuch alluvium is no thick- 
er than what is called the vegetable mould j 3d, a period ex- 
tending from the laft to the prefent time, in which the waves 
of the fea on its coafts, the currents of inundated rivers# 
and the other operations of nature, have, though in a very 
limited degree, been continuing the fame procefs of wafhing 
out, breaking, expofing, and wearing the original organized 
matters of the ftrata, thofe which had in the fecond period 
been depofited with the gravel and alluvium ; andexpofingalfo# 
in many iuftances, organized remains belonging to an earlier 
part of the prefent or third period ; which is further diftin- 
guiihtd, by the growth of immenle bens of vegetable, or 
peaty matters on the furface, which have inclofed the remains 
of recent animals, vegetables, &c. fnixed with the occasional 
depofitions of muddy waters, to which fuch have# in low (itua- 
tions, been repeatedly fubjedl. 

When, therefore, we fpeak of organized remains, without 
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further explanation! we wilh to be underftood as meaning 

thofe of the ftrata, of the (irft era, no otherwife altered than by 
the gravity or chemical action of the furrounding matters ; 
when we wifh to fpcak of the organized remains peculiar to 
the ftrata, but difturbed during the fecund era, we (hall, as 
Mr. Smith does, call them gravel f<J[ds; and this, whether 
they bear marks of breaking and wear, or not. if the> are 
found deposited with gr:,vel, or among angular or worn fra g- 
mentsof matter near the fuiface, the evident clients of co hlion 
and attrition; when we have to mention the organized foil'll 
matters of the third era, if they appear fucli as have been d. po- 
rted by water among gravel, and the depofitions of water, as 
above mentioned, or have been buried by the labour and woiks 
of men or animals, and undergone a mineralization, we (hall 
call fuch recent f-ffih* while thofe which owe their burial, and 
probably tluir change and piefervation, to vegetation, (hall be 
called fcatjojfils ; thefe terms and diiiindious appear to us eft- 
feudally neceffary for avoiding, in thefe inquiries, endlcfb mif- 
t a Ices and ablurdities, into which former writers on this fub- 
jcdl have been led, for want of fuch diferiminatious. When 
organized matters of the prefent race, arc found on or near 
the furfaee of the earth unchanged, at lead* not mineralized, 
they will dill be denominated recent ^hells, bones, teeth, 
horns, plants, Sc c* and will be fufficiently dillinguifhed from 
our recent foffils above, 

A cartful examination of the feveral ftrata which in- 
tervene and end, between London and any of the neareft 
points mentioned as coal-dift rifts, will (how tlufc ftiata to 
be very various in their qualities, and in their thick nt Acs 
(altogether amounting to feveral hundred fathoms), with no 
one circumftance fo obfervable among them, as the total 
abfence of diftinft vegetable im predion s or remains (among 
their numerous animal remains,) except of wood, and which, 
k is obfervable, are generally, we believe we might have faid 
always, found in thefe upper ftrata in the ferics, in cafual, de- 
tached, and broken pieces of the trunk, almoft like chips and 
billets, and generally with the appearance upon them of pre- 
vious rottennefa and wear, from tolling or floating in water; 
r.ot unfrequently ulfo, this fuppofitiem is ftrengthened by the 
worm-holes with which thefe detached pieces of wood 
abound, particularly in the Woburn Sand ftratum, where 
mineralized remains of the worms or animals which perfor- 
ated the wood, found below the fullerVearth ftratum, are 
(till ften occupying the holes in the fihcious wood, of which 
we have fpccimens now before us. The pieces of wood found 
in the feries above the coal, are in ftates as various as the 
matters of the ftrata inclofmg them ; in many inftances they 
areiilicious,pyritic,or ochreous, lefs frequently, perhaps, they 
occur in a foft rotten ftate, lometimes like charcoal, and at 
others bituminized almoft to the confiftence of pitch ; and 
thefe laft fpecimens they are, which, when accidentally ac- 
cumulated, as at Bovey-Tracey, and many other places, on 
the out-crop of the Purbeck pipe* clay ftratum, have been 
improperly denominated coal ftrata ; and in Suflex, and other 
parts, have milled the coal-finders, or perhaps rather their 
credulous employers, above alluded to. 

This abfence of vegetable imprefimns will be found to 
continue in our journey outwards from the metropolis, until 
a remarkable ftratum is paffed, called by the miners in So- 
merfetfture the “red earth,*’ being a very red feriuginons 
earth, or ftone, fomething like that on which the city of 
Coventry ftands ; from hence, examining wettward or north- 
ward, we (hall find a material change take place, in the animal 
remains becoming very Ccarce, and vegetable impreffions 
beginning to appear and increafe, among a certain ferics of 
ftrata, called, by the miners of feveral counties, the “coal 
toeafuresj” which are often remarkable for their quick and 
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varied alternations, as the two fe&ions of coal ftrata or mea* 
fures, which we have given in this article, will exemplify. 
For many fathoms together, among fomc of the coal mca* 
furts, particularly in the argillaceous or coal- fh airs, fcarcely a 
lamina of the ftrata, as thick as paper, can be fplit off, 
without expofing the impreflion or bituminized remains of 
fome plant, as mentioned hereafter, many of them highly 
be autiful : as thofe appearances increafe, veins of coale, or 
uniform ftrata of thele bituminized vegetables, without 
the intervention of (hale, or earthy matters, occur; thefe 
are often extremely thin, and have intervening ftrata, or 
coal meafures fometimes of confidcrable thicknefs between 
them, fo that in fome of our Britifli coal-pits, 30 or more 
diftinft and feparate veins of coal ate funk through, before 
the “ main,’* or moil defirable feam of coals is reached; from 
which, if the pit was to be farther fir k, or if we travel 
weft ward or northward ti\ the endrng of the feveral mea- 
fures funk through, and over thofe below, wt (hall at 1 ngth 
find thefe coal -mea fares end, and w'hatthe nvi era call “ dead 
earth/* or ftrata, as difiitmiar to coal -meal 1 res as thofe at 
the top of the Britifh ferics, already mentioned, will be 
found to fuececd through a certain feries of ftrata, but then 
other coal-mealurcs will be found to occur again, &c. 
Thefe different fets of coal meafures traverfing the country, 
as now feen on Mr. Smith’s map, have often been noticed 
by peaftied men, and by fome writers, under the title of 
“ runs of coal /* and that on which Newcaftle is lituated,' 
probably from its early and great importance in fupplying 
the metropolis, has been called the “ great run.** The firft 
workings of all our coal has evidently been upon their out- 
crop, or breaking to day, tither at the ending of the ftrata, 
or where the former and convuliive hcavings of the ftrata 
have left their edges bare, or nearly fo ; but experience has 
progreftively proved, as. the improvements of purnps, and 
machinery pei mitted, that the coals were better in quality, and 
lefs troubled, the farther they werepurfned into the deep, or 
in the dirtftion of the “ten o’clock fun,*’ from their out-crop, 
moll generally : and thus the Newcaftle mines have been 
progreftively creeping nearer to the fea, and now extend to, 
or under it, and Hill find their coals improve 5 of which the 
Wall*s End coals, brought to the London market, arc an 
iuftunce : in like manner, the mines on the oppoiite co?ft, 
near Whitehaven, for working ftams, which the local dip of 
that part occa lions to defeend under t lie lea, have tlKirworkt 
now extended near a mile under the ocean, at about fix hun- 
dred ftet beneath its bottom. Accordingly it has occurred* 
that mines have been begun higher and higher up, on the fe- 
ries of ftrata, called coal-meafurcs, anc, confcquently, had 
their pits of greater depths, and now tiie attempt ia making 
at Bath-Eafton, in Somerfetfhire, of finking in matters 
above the red earth, in hopes of there reaching the Somcr- 
fetfhire coal-veins, hitherto not worked fo far eallward, or 
into the deep, by fome milts, although fome of their mines, 
owing to the rapidity of the partial dips arc, we believe, 
working at the greateft depths of any in the kingdom. An 
application of the principles above explained will enable any 
ingtnious perfon to judge, whether his diftr.ft is likely to 
contain coals, at prafticable mining depths 5 for it feem 9 an 
ufelcfs inquiry, whether they exift or not beyond this ; for 
inftance, whether the vicinity of London, and the more fouth- 
eafttrly parts of our ifland have the coni vein6 of the middle 
counties dipping under them, it can he of lmall u*e to inquirt 5 
from the immenfe number and thicknefs of the known ftrata 
which intervene, and contain no coals, or other very valuable 
matters. The very opeu and porous ftate of fome of thefe 
ftrata, the chalks (more than /jo fathoms thick) for in- 
(lance, occaiion them to be fo powerfully iuppticd with 
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water, as to render the profpea of finking even one fiiaft 
through them at London, utterly hopelefsv Mr. Dodd, 
whofe fcheme for a tunnel in chalk under the Thames, at 
Gravefeml, we have noticed in our article Canal, has fince 
complained to the public, that the boring of one fmall 
augre hole, before his (haft was funk, let up fo much wa* 
ter into it, that he was unable to penetrate more than 
12a feet deep; what then was he to have expefied, 
had he ever come to open the length of 900 yards 
of an 18 feet tunnel in this fame chalk ? We hope to 
be excufed for thefe digrefliont, as they tend, we think, to 
illuftrate the queftion, of the practicability of finding coals, 
through a large and important part of our ifland ; and we 
Ihall now proceed to the methods ufed in finking for 
coals. 


The firft operation after finking the engine pit of a coal mine 
is the working or driving in the coal, and finking the firft 
coal pit ; the fituation of which fh^uld be a little higher tip 
the plane of the ftrata, or to the rife of the engine pit, that 
the water which colleds may not obftruft the working of the 
coals when the engine (tops : yet it iliould not exceed the 
diftance of 30 or 40 yards, becaufe when the firft mine is to 
be driven a long way, it becomes both difficult and expen- 
five. After the pit is thus funk to the coal, the miner 
is to begin his work ; he firft digs or undermines with his 
pick-axe, a light inftrument for hewing coal, (nearly in the 
fhape of an initrument of the fame name ufed by paviorsand 
gardeners) at the bottom,ar.l on one fide, into thefeam orftra- 
tum as far as he can ; he then forces down great pieces of 
coal by a wrdge and mallet, taking care to leave, at proper 
intervals, pillars for fupporting the ropf. 

Fig. 2. in Plate I. reprefents the plan of the work* 
ings of a coal mine, where A A reprefents the main paflage 
or gangway, in the dire&ion of the dip, and in which trim* 
platta or rails are now often laid, for the paflage of the trams 
loaded with coal to the pit or winding (haft ; B B, C C, 
D D, and EE, reprefent other parallel and ftraight paffages, 
between the pillars of coal, a, 4, c, d , &c. *,/, g % b , &C. 
which are left for fupporting the roof and A rata above. 

The coal is often wrought in this manner to the limits of 
the mine 5 when thefe pillars, or fo many of them as can he 
got, are taken out by a fecond working, and the roof and 
other foiid ftrata are permitted to fall down and fill up the 
excavation, often to the great and permanent injury of the 
furface of the land, and fometimes to canals, and other works. 


as particularly mentioned under our article Canal. 

If the roof and pavement are both ftrong, as well at the 
coal, and the pit only 30 fathoms deep, then two-thirds or 
three-fourths may be taken away at the firft working, and 
one-third or one-fourth left in pillars ; if tender, it will require 
a larger proportion to be left, probably one-third or nearly 
one-half. 

There is an overman, whofe office it is to go through the 
pit to examine the places which the men have wrought, to 
mcafure their work, and to fee that the pit is free from in- 
flammable vapour. There is alfo a deputy overmairto fuper- 
intend the pillars of coal that are left, and to fet up props or 
build walls, when the roof is loofe and threatens to fall. The 
bufineb of the perfon called an. " onfetter” is to hang the 
corves (ufually baikets made of hazel rods) upon the rope to 
be drawn up the (haft. Collieries are liable to an accident of 
• very dangerous nature, called a M creep” or •• fit,” when the 
pillars of coal are left fo fmall as to fail or yield under the 
weight of the fuperior ftrata, or when the pavement of the 

P? . nillar. »a Itfktf Stiff* if- 


welgnt of tnc superior icrais, or woe* uk uwcuicmv »«. 
emu is fo foft as to permit the pillars to fink into it, which 

weight that lies upon 
\ above the coal faUs and 


fometimes happens,' by the great weight that lies upon 
them i iia catlie tbia nErmfttina 


crufhes the pillars to pieces, and clofes up a great extent of 
the working, or probably the whole colliery. 

Mr. Ryan, we undemand, propofes to cure the defied of 
a foft pavement, in the principal paibges, which arc required 
to (land for a long time, by forming them in the coal, of the 
form (hown in Jig. 3. Plate I., or nearly approaching to 
elliptical ; the tram-plates or rails a, a, in their bottoms oc-» 
cupying nearly the whole width in that part, with the on* 
dilturbed coal nearly or quite meeting under them : in thin 
cafe it will be neceitary to conftnidt two parallel paflage* at 
a proper diftance, one for the going of the trams to the pita 
and the other for their return. Another fatal accident to 
which coal-miners are fubjeft, in the vicinity of old workings 
between water-tight ftrata, arifes from the water contained m 
thefe artificial cavities, or fometimes in natural cavities or 
fiflurea filled with loofe and porous matters, burfting in and 
fuddenly filling their works : the only fecurity againft this, 
is to bore an augre hole before the working as it proceeds, 
to prove the regular continuance of the coal. The collieries 
about Radftock, on the Somerfetftiire coal canal, have been 
fubje& to this accident, on imprudently cuttipg through their 
faults, or dikes, which, as well a6 fcveral of their intervening 
ftrata, arc of water-tight matter?. 

There are two other evils to which coal mines are fubjeft ; 
hydrogen gas called by the workmen, u fire-damp*' by the 
explofion of which many lives are loft; and carbonic acid gas 
commonly called <r choak damp,” which is not fo fatal as the 
former. Hydrogen gas is principally generated, by the con- 
tact of pyrites with water in fome of the old workings of the 
collieries which' have been negle&ed and not fufficiently 
ventilated : it there accumulates until difeovered by the oc- 
cafional vifit of fome of the overmen, whofe office it is to ex- 
amine the old workings called u waftes :” fometimes for want 
of due caution it caufes the death of many of the miners, 
being fet on fire with their lights. On thefe occafions the men 
throw themfelves on their faces to the ground to avoid the 
return of theblaft.as there is more danger to be apprehended 
from the vacuum formed by the total cpnfumption of the in- 
flammable gas, than from the efte& which the fire has uport 
them. It rarely happens after an explofion that the men are 
much burnt; they fuffermore by the violent concuflion of stmol- 
phcric air, rufiimg into the workings to fill up the vacuum, 
than from any other caufe. After an accident of this kind, 
it is generally confidered dangerous to enter the pit for fome 
days, on which account it is to be feared many lives are loft 
which might have been faved by immediate affiftance. At 
Whitehaven and Workington, where the inflammable gas it 
very prevalent, the miners often work without candles, in 
driving their adits for ventilation, by the light of a flint 
mill, or of fparks produced fomewhat in the manner of a razor 
grinder’s wheel : but the only cffe&ual method of preventing 
accidents of this nature, is to pay due attention to the ftate 
of the old workings, and to caufe a thorough ventilation by 
the methods ufually adopted, which are tne following : the 
air is put in motion by means of a large furnace placed near 
the edge of one of the (hafts inclofed in a covered building 
from which is a tube descending into the pit. The heated air, 
thus afeending through the chimney, is fucceeded by cold 
from the (haft, which in its turn is replaced from the 
lowed part of the mine. The whole is thus focceflively 
removed, and its place is fupplied by air which finds 
its way from above, through another communicating fiiaft 
open to the day. The certainty of this operation hat 
evidently no dependence on the depth of the mine, its extent* 
or its form. The briik current thus produced below, natu- 
rally takes the mod direft courts betwixt the two (hafts. 
Toe ventilation on each fide it therefore accomplithcd, by 
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means of a continued communication formed betwixt the 
two (hafts in any required direction, by opening the proper 
avenurs, and doling all otheis. A continued current is 
iiinutimiB iradc to pafs in this manner for twelve or eighteen 
miles, fte Jig. 4. Plate I. where S represents the (haft, and A 
tiir adit 01 working of a mine winch is fuhjelt to damp or 
foul air ; a a a is a clofc pipe, leading from the part mod af- 
feded to the furface of the ground, and there entering the 
lower part of a furnace, l’\ and afeendmg through the fire 
therein, by the heat of which a current of air is conftantly 
tlnoiMiout rtf the uppei end of the pipe : this method is ap- 
plicable, ind very needfary, where particular and didant parts 
of the mine require ventilation ; bccaule by this means fi c.h air 
can be made to defeend down the fame fhaft, and along the 
adit through which the pipe and furnace caufe the foul air 
to abend ; for the more general ventilation of coal-mines, 
and where tafh air can be Supplied by othci (hafts, as it ge- 
nerally can in mines at work, by means of the winding (haft, 
the water- fhaft or engine pit, or both, a fimplei mode 
is adopted, as at Worfley mine, on th. j duke of Bridge- 
water’s canal, and otiur places, ffiown in fg. 5. where S rc- 
prefents the air or ventilation ffiaft, having a common roll and 
v inch -handle crcdi d over it, from winch a cage or iron baflcet, 
c, is fufpmdid by a chain, and in which a la-ge fire of coals is 
conftantly kept burning, fjme yards below the furface of the 
ground ; the winch- handle is made ufc of for drawing the fire 
to thcfurf«ie a*< often as the fame wants rcplcnilhing. 

Choak damp is rmly attended with any ill eJFeas, and is 
ealily difcovercd by its cxtinguifhing a candle. The fafeft 
method of exploring c Merits iubject to this evil, is to walk 
as erttt as tuff woi kings w.ll allow ; ter choak damp being 
heavier than atmofphenc air, occupies, of courfe, the lower 
part-of the mine. It is mo,e difficult to txiiaud this gas by 
ventilation than fire damp, as the latttr afeends, irom its 
being lighter than at r 01 phene air, whilft the other, by its 
gravity, is forced upwards with gteat difficulty. 

It is not exa&ly determined by what means choak damp is 
generated in coal mines, but it is generally fuppofed to pro- 
ceed from the put refaction of vegetable fubftances. 

Alter the operation of “ hewing,” or digging, is per- 
formed, the coals are, brought to the bottom of the 
pit, in corves or bafktts, cither drawn aiong the ground in 
the manner of a fl.-d^c, or upon a ftmil rail 01 train road 
as they are called in Shropffiire, hooked on to a chain, and 
drawn or wound up by a rope to the furface. This is 
often efte&ed ' y a machine called a gin, wrought by horfes. 
Of thefe winding machines there arc various kinds ; fume 
wrought by water, others by the tire engine; -lttui of the latl 
named, are only convenient in tome parucuiai flirtatious; that 
wrought by Kories is therefore in mo»t general ufe. There 
arc, bolides, a fort of gins called “ whim gins,” and another 
known by the name of “ macaroni gins.” hi the whim gin 
the ropts run upon two whed-pulhrg o'er the fhaft, 
the roller is at forr.e diftancc, and the circular track of the 
horfes is not round the (haft. See our article Mine Wind- 
ing 1 'rg'tne , and apparatus. To receive the coals, there are 
two “ baukfmc.,” who take off the corves at the top of 
the pit, nud empty, or, ns the workmen call it, “teem” 
them* 1 he coals, by tt ruling, are difcfyargfd into waggons, 
by means of a grated fpout which allows the fmaii coals 
to go through it, whim the large pafs into the waggon. 
IVoys or women attend to throw afide the pyrites, or, as 
they are technically called, “ braffes,” or in other places, 
u dates/* which are fold to the copperas manufacturers. 
See CopphPAs, 

The coal-waggon has been already lhortly defcribed un* 
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der our article Canal; and for a fuller account, we refer 
to Waggon. Our account of the waggon-ways, and 
rail- way s, alfo occurs under the article Canal $ and for other 
particulars relating to the conveyance of coals from the 
mines to the wharfs and vefftls : See Waggon, Rail* 
way, and Steath. 

Having thus given a defeription of coal-mines, we (hall 
give an account of a vifitation to a pit. That in which 
the beft view is gained, and which can be entered with the 
preated cafe ana fafety, is in the vicinity of Newcaftle, 1 «*• 
Eall Kenton colliery, the property of Meffrs. Knowfley and 
Chapman. Having prcvioufly obtained permiffion of a viewer, 
orfomeotherperfonconcernedin the colliery, a fmall hand lan* 
thorn muff be provided, a light being neceffary for each per- 
fon. It is alfoadvifable to take a change of drefs, atltallof 
upper cloaths ; ftrong boots to keep the feet dry, and an old 
hat. Being thus prepared, proceed to the death, which is 
by the river fide, about four miles above Newcaftle, a plea- 
fan t excurfion by water. When there, fome of the men, 
who have been apprized of your coming, will affift in feat- 
ing you on a fet of fmall empty coal waggons, capable of 
containing two perfons. each, feven of which are drawn along 
a rail-way by one horfe. As foon as you are placed, with 
your candles lighted, you fet off at full fpeed, with a boy in 
the fird waggon, for a charioteer, into a tunnel, or fubterra* 
neons p iffage fix feet high, about the fame breadth, and three 
miles in length. It is particularly neceffary to guard againft 
putting your hands fuddenly out of the waggon, as the tun- 
nel, in mod places, is only wide enough to admit the wa argon 
and horfes, and you are of courfe by doing fo in danger of 
receiving an injury; but by fitting quietly, you afeend very 
fmoothly, till you arrive at the place where the men arc at 
work. At your firft entrance into the tunnel you are 
druck with the noife of the waggons, which, being fattened 
with chains to cadi other, and going fometimes at the rate of 
ten miles an hour, make a found refembling thunder. The 
paffage is in general hewn out of folid rock, compofed of 
metal ftone, a fort of fchiftus. Where there is not rock, it 
is arched with brick or done. The water from the pit 
runs down by the fide of the rail-way to the river Tyne. 

At intervals there are double rail- ways ; and where you 
come to one of thefe your driver dops his horfe, and a dead 
filence enfucs ; he then calls aloud, and lidens to hear if any 
loaded waggons are coming down, that they may there 
pafs each other ; when he is pad, your driver renews his 
lpccd, until he reaches the next interval, when he repeats his 
call, and ffiould no anfwer be heard in return, he proceeds. 
If, by the negligence of the boys, the waggons ffiould 
meet where there is no double rail-way, the boy with the 
empty waggon unloofes his horfe, which is taught to turn 
round, and force the waggons back with its bread, until 
they reach the double part, where they can pafs each other. 

On the Tides of the tunnel you will pbferve feveral fungi 
of a pure white, which, by the heat of your hand, or expo* 
fure to the open atmofphcre, diffolve into water. Trc air 
up the tunnel is cold, but perfc&ly pure, but as you ap* 
proach the workings a coufiderable degree of watmth is 
ieit. You alight from your waggons in order to view the 
different operations to which your guide will condud 
you. 

in the upper Team or (Iratnm, the coal is not much 
wrought on account of its inferior quality. Here you 
will fee the (tables for the 1 >rfcs, the fttam-engine forraittng 
the coals from the lowei .am, and the ventilating furnace, 
by which the impure vapours are drawn off Here you will 
alfo be ffiown, on the roof of one of the lateral openings of 
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tliis level, a variety of curious fpecimens of plants* fomewhat 
like grades, ferns, vetches, &c. imprtiRd upon a fort of blue 
ll.it y Hone ; the different plants are remarkably dillin&from 
each other. There is alio in one part the trunk of a tree, 1 
many blocks of which have been taken out to make feats in 
a neighbouring garden ; as far as the Hone has been cut, the 
tree has been traced even to its fmalleft branches, and the 
roU'jhnefs of the bark is Hill preferved in the Hone : the 
whole of this (l rat u in is one uninterrupted continuation of 
thefe imprtflntis of vegetables: it is nea-ly horizontal, and 
is 1 12 yard* from the fur face. 

In Eafl Kenton colliery, there are three (hafts or perpen- 
dicular openings, for railing the coals. Tne firH: is the 
p t at the day, m.?r the village of Kenton : it is circular, 56 
fathoms dc<-p, and at prefent only ufed for delivering coals 
for fait at Ne wealth*. The coals are drawn up in baflcets. 
The bottom of this pit is on a line with the rail-way from the 
river. The fecond (haft is eighteen and a half fathoms deep, 
and at a Iboit diHancc from the bottom of the firH. It is 
fquare, and juft admits the waggons which are drawn up 
ai:d let down by the fleam-engine. The third Hiatt is only 
7 fathoms deep. After having examined the works, you 
may be drawn up to the fin-face by the firH fliaft in a 
ha licet in about two minutes, in which fpace of time you 
will have aicended f } 6 fathoms. But (liould this mode of 
conveyance not be approved of, you may return attain by 
the tunnel. Brand’s Hiflory of Newcaftle. Com. Maga- 
'zine. Dr. Black’s Le&ures. Wallace’s Northumberland. 
Pennant’s Tour. St. Fond’s Travels. Prture of New- 
caftl). Papers of the Literary and Philofophical Society of 
Newcaftle upon-Tyue. Pbilofophical Tranfadlions. 

Coal -balls, balls made of coal and clay, or flack, for 
firing. Thcfc balls are made with } of clay, without fand 
or gravel, and 5 of cwl-iluft , or at/m, well mixed, and 
formed either into round balls or into bricks. This coal- 
duH being the refufe of the mine, makes this fort of firing 
cheap. See Phil. Tranf. N° 460 fed. ,3. See Patent Coal*. 

Coal bujhcl The meafure dirtded to he ufed in Lon- 
don and other places for retailing coals, is different fiorn the 
Winchefter bufhel for corn, or malt bulhel, Jb-f inches wide, 
and 8 inches deep, containing 2150 42 cubic inches, described 
under our article Bushel. By the ad of 12 Anne, the coal* 
bufhel is direded to be round, with an even bottom, and to 
be 19^ inches diameter, from outfide to outfide, capable of 
containing one Wincheficr bufhel and one quart ot water | 
of which a Handard is to be kept in the exchequer, and 36 
of filch bufhels, heaped up, are to make one chaldron. By 
the ad 43 Geo. III. the coal-buHiel was direded to be 
heaped up in the form of a cone, but the exad height, or 
proportion thereof, to the bafe or top of the bufhel (19^ 
inches) not being fixed in this ad, the principal land coal- 
meters have, from cartful and long continued obfervatioui 
of the cuHom or pradice of meafunng coals, fixed the 
height of the cone at 7 inches above the top of the bufhel ; 
this we learn from Mr. Robert Vazic, a gentleman who has 
laudably taken much pains, in endeavouring to introduce a 
bow-gage to coal-bufnels, nearly fimilar to the bail or han- 
dle of a water-pail, which fliould at all times, by being lift* 
ed up and fwept over the bufhel, determine the proDer 
quantity of the neaped part, which is now left to the dif- 
cretion of the fillers, fubjed to the inattention or partiality 
of the fnettr, who is, or ought to be, Handing bv. Ac- 
cording to thefe data, the content of the coal-bufnel itfelf 
(=3 com bufhel, as above) will be 2217.62 cubic inches, 
its depth in fide varying, from about 8 to 9 inches, according 
to the xbicknefs of tne wood in the fidcs, it being the out* 
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fide diameter which is fixed by law, on account of the heap* 

ing up. 

A cone of 19.I inches diameter, and 7 inches high, will 
contain 696.8482 cubic inches, and therefore 2914.47 cubic 
inches, will be v< ry neatly the cubic content of a heaped 
bufhel of coa's, = 1.6866 cubic feet, ss .062467 cubic yards* 
s= 5.8663 65 cubic links, = .477126 flercs or new wood 
mcafurcs ot Fram e, i= -f-g chaldron, = 4 coal peeks, =2 
1.3553 malt, or Wincbciter bufhels (truck. From the 
above calculations, our readers will fee, what relation the 
coal bufhel bears to other nuafures. By the late adits for 
regulating the delivery of coals in and near the metropolis, 
every waggon or eatt ufed in delivering of coals, is requir- 
ed to have a lawful bufhel with it, edged with iron, to pre- 
vent wear, and feah d ; and tiling others or altering iuch 
bulhels, inciU’ a forKituie of 50/. 

Coal, Cantu /, or Candle . Sec Co a l Supra and Am p elites. 

Coal Canal , or Somerfetjhire Coal Canal , commences 
in the Kchiict and Avon canal, about 3^5 miles above the city 
of Bath, and proceeds S.W. in two branches, with 
rad-way c xtcuiionu to the collieries N.K. of Mendip lulls. 
See Canal. 

Coal -fjh, i n Ichthyology . See O A d u s Carton arius* 

Coal t/land, in Geography, a village in the county of Ty- 
rone, Ireland, where the coal works are carried on with to- 
lerable fuccefs. In jSoo, there wtre five pits working in- 
dultrioufly, and the works were not much impeded by wa- 
ter. There is, howevci, great want of encouiagement ; 
and the canal, which was made at the public expence, to 
the Tyrone collieries called Blackwater, has been fo much ne- 
glefted, that it is choaked up with mud and weeds. Coal- 
ifUnd is about 5 milts W. from Lough-Neagh, and 4 JNf. 
from Dungannon. M‘Evoy’s Account of Tyrone. ‘ See 
Canal. 

Coal Meafures , a term among miners, for the flrata mod 
frequently alternating with beds of coal; thefe often coil fill 
of argillaceous (hale, and contain numerous imprefliona of 
vegetablta upon them, of which there ivas a very curious 
coilt-ftion in the late fir Afhton Lever’s mufeum. See our 
article Coal Supra. 

Coal Menjunng. In the pool or port of London, coals 
are incafurcd out of the fiiip into the barges, or lighters, in 
a veflel or low tub, called a vat, holding nine bufhels (fee 
Vat), which is heaped up by the porters who fill, until 
the lworn meter, who is always in attendance, is fatisfied 
with the jufiice of the meafure, and direds the vat to be 
emptied over the (hip’s fide into the room of the barge, &c. 
below. Out of thefe barges, &c. the coals are again mtafured 
by a Handard coal bulhel (fee Coal bujhel) t in the pre- 
fence of another fworn meter, called a land meter, and are 
emptied out of the bufhel into facks, for delivery to the 
buyers ; a few years ago, this laH procefs was improved as 
follow's : 

Plate XIV. of Mechanics , represents a machine for mca- 
Turing coals, for which Mcflrb. Simeon and Thompfon took 
out a patent in the year 1803. The machine, from which 
the drawing is taken, was ereded m 1803 at the Red-crofa 
coal wharf, near London bridge, and has bten at work ever 
fince with great fuccds near the water-works. It is cre&ed 
before the wall of the coal warehouse, and communicates 
with the fecond floor, by a large opening in the wall. The 
barges, containing the coals, are brought under tip wall of 
the warehoufc, which is by the water-fide ; they are filled 
into buckets, arid then drawn up by a machine into the 
houfe, where they are emptied into a wheel- barrow, and 
thua conveyed to the iiage 9 A t Jig> 1, in the floor of which 
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the bufliA, B, B, B, are placed , tliefe bufteli are of call- 
iron, of the dimetifimi directs by aft of parliament ; they 
have movable bottom*, opening downwards on hinges to- 
ward the wall of the houfe, and are (hut by a chain, which 
jfl fVlmrd to the li ttnm, oppofite the hinges, and comes up 
through a tube, a; tie other end of the chain goes over, 
and is fattened to a wheel of call -iron, F.» mounted on & 
fhaft, which carres fiimlar wheels for the other two bufhtls; 
it turns on a pivot in the wall, F, at one end, and on ano- 
ther, working in a collar, (upported in the wainfeoting, G, 
which forms the other end of the room ; the fhaft projects 
i'ome tlillance through this partition, and has a wheel, H, 
fixed on it, round which a rope, I K, pafles ; the end, K, 
of this rope has a ring tied to it, which is hooked on a pin 
in the wall, which pin is adjuftable by a ferew, as fhown in 
fi* t 2, fo that when the ring is hooked on it, the bottoms 
Vf the bn (litis (hall be clofe flint ; b d, fy. 2, is an iron frame 
fertwed to the wall, in which a fquare piece of iron, e, car- 
rying the pin (on which the ling is hooked) Hides 5 f is a 
ferew turning in the (tame, and patting through the piece e, 
which is tapped, fo that by turning the ferew by a winch, 
put on the fquare at its upper end, the pin can be railed or 
lowered. 

The chains, D, fig. t, have each a fcrew-link in them, 
by which the bnfli-.s can be all nndc to fhut clofe at the 
fame time. Beneath each buttle! 13 a wooden hopper, L, 
into which the coals are emptied when the bottom of the 
bufliel is opened, and the facks are hung to this hopper to 
receive the coals j there are two fmall hooks at the bick of 
the hopper, to which the mouth of the fack, M, is hook- 
ed; b is an iron bar, with a hook at each end, to fallen to 
the fack 5 two fmall cords are tied to this bar, which pafs 
over two pulleys, and arc both fattened to a ring that is 
hooked on a pin, driven into the hopper, in order to keep 
the Tick’s mouth clofe up to the hopper. 

The operation of the machine is «9 follows : the coals 
are filled into the bufliels by three men, and are heaped up 
until they touch the plummet, d, fufpended by a chain from 
the ceiling ; when the coal-meter, who fits before the defk, 
N, fees, through the wipdow, that they are properly filled, he 
takes the rope, I, with one hand, and with the other flips 
the ring, at the end of K, oft' the pin, as before described ; 
the weight of the coals, retting on the bottoms of the 
bufhels, then caufes them to open, and the coals fall into 
the facks beneath 5 he holds down the rope, I, until the 
bufliels arc all emptied, then lets it return, and hooks the 
ring on the pin. The bottoms of the bufliels are made to 
fhut, by one of the fpaces between the arms of each wheel, 
E, being filled with Lad, which is equal to about half the 
weight of the coals ; when the facks are filled, they are 
placed in a hand-barrow, and are wheeled into the waggon, 
the ttage, R, being juft the fame height from the ground, 
as the floor of the waggon, which is backed up againft it. 

CoAL-jl//Wx. See Coal. By 10 G. II. c. 32, if any 
perfon (hall wilfully and malicioufly fet on fire any mme, pit, 
ordelph of coal, or cannel-coal, he (hall be guilty of felony, 
without benefit of clergy. By 13 G. II. c. 21, if any 
perfon (hail convey water to any coal-work, with defign to 
deftroy or damage the fame, he (hall pay to the party ag- 
grieved treble damages with colls, recoverable in any court 
of record at We ft mi utter. By 9 G. III. c. 29, any per- 
fon dcmoliihing engines, waggon -ways, bridges, 5c c. be- 
longing to coal-mines, or caufing the lame to be done, {hall 
be guilty of felony, and be transported for feven years : the 
prolecution on this a& being within 18 months. By 39 
and 40 G. III. c. 7 7, any perfon, deftroying or damaging 
mines or roads Lading to or from the fame, (hall be deemed 


guilty of a mifdemeanor, and may be imprifoncd, on con- 
viction, for any time not exceeding fix months. Collier! 
and others, who wilfully and obttmately work in a manner 
contrary to their agreements, or who do not fulfil their 
contrails, (hall, on convi&ion, upon the oath of one wit- 
nefs, before one juftice, forfeit not exceeding 4 ox., and upon 
non payment, be committed to the common gaol with- 
out bail, for a time not exceeding fix months, or till fuch 
penalty and cods (hall be paid ; and the contrail (hall be- 
come void. Perfons convi&ed of fraudently walling or 
(lacking coal, &c. (hall, on convi&ion, by confefiion or 
oath of one witnefs, before one juftice, be committed to the 
common gaol or houfe of correction, for any time not ex- 
ceeding three months. If any perfon (hall (leal coals or im- 
plements. not exceeding the value of jx., he (hall, for the 
firft offence, forfeit not exceeding iox. over and above the 
cotta, or be committed to hard labour for one month ; for 
the fecond offence, not exceeding 20X., or be committed 
to the houfe of correilion for three months 5 and for the 
third, or any future offence, not exceeding 4OX., or be com- 
mitted to hard labour for 6 months. All profccutions un- 
der this ail (hall commence within nine months after the of- 
fence is committed. 

Coal, Old , an inferior fort of charcoal, made in Kent, and 
other places, from the roots of trees and underwood, for fale 
to the founders, " and others, in London, who ufe it for fomc 
common purpofes, as a fubllitute for charcoal. 

Coal Orton, or Cole Orton, a reilory m the hundred of 
Eatt-Gofcotc, in Leicdlcrfhire ; it is fituate very high, yet 
its coal-mines have attrailed the rail-way extenfions of canals, 
in two different dire&ions, viz. the Leicejhr and th eA/hby* 
deAa-Zauch, See Canal. 

Coal, Patent, is applied to a fubftance manufa&ured 
in Millbnnk Street, Weftminfter, under a patent, grant- 
ed to Mr. Chabannes, (fee Repertory of Arts , XV. 
367.) ; it con fids of thefmaller parts, fitted out of the fea- 
coals, uftd for culinary purpofes, before they are fold, 
mixed up with a certain proportion of dirt and fweepings 
of the ttrrets, which mixture is watered and* tempered to- 
gether, until fit for making into fmall bricks, of which great 
numbers are fet to dry in a large open-boarded (htd. One 
or two of thefe coal-bricks, put into a coal-fire, are faid to 
continue the intenfity of its heat for a long time. Sec Coal- 
balls. 

Coal -Port, .the name given by the late Mr. Wil- 
liam Reynolds, to a new town which he founded on the 
banks of the Srvern river, at the entrance of the Shropftiire 
canal. See Canal. 

Coal, Small, is a fort of charcoal, prepared from the fpray 
and bru (h- wood, (tripped off from the branches of coppice- 
wood, fometimes bound in bavins for that purpofc,and fame- 
times prepared without binding. 

The wood they difpofe on a level floor, and, fetting a por- 
tion of it on firt, they throw on more and more, as fail as it 
kindles 5 whence arifes a fudden blazx, till all be burnt that 
was near the place. As foon as all the wood is thrown on, 
they caft water on the heap from a large difh or fcoop $ and 
thus keep plying the heap of glowing coals, which (tops the 
fury of the fire, while, with a rake, they fpread it open, and 
turn it with (hovels till no more (ire appears. When cold, 
the coals are put up into facks for ufe. Small coal was for- 
merly much more in ufe in London than it is at prefent. 
The fiftings of charcoal are called charm by the London 
dealers. 

Co Kb foot. See Soot. 

Coal fpirits. Coals diftilled in a retort not only afford a 
phlegm and black oil* but a fpirit, or gafeous matter, which is 
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apt to force the lute and break the glaffes, now known to be by* 
d*-ojren gas: bladders may be filled with this inflammable air, 
which may be kept a confiderable time. If the bladder be 
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pierced with a pin, and fquerzed near the flame of a candle, 
the gas will take fire, and afford an amufing fpedacle. See, 
Phil. Tranf. N. 452. feft.j. See Damps and Gas ’Light. 
Co n-tar. See Tar. 



Coalbrookdale 


COALBROOK Dale, in Geography, a tillage of Shrop* 
(hire, about 13 mita from Shrewlbury, which exhibits to the 
traveller the beneficial effe&s of manufa&ure and commerce, 
in its celebrated iron works, as well as a variety of romantic 
fccnes. The river Severn winding between high wooded 
hills, oppofite to the forge d Broftley, is croffed by a bridge 
of onearch, ioofeet inlength, ar.d formed entirely of call-iron, 
with ftrong (tone abutments, which prefentsatoncea ftriking 


effeft in lsndtcape, and a ftupendous fpecimen of the powers 
of mechanifm# This was the firft iron bridge creeled in 
England, and was cad in 1779, under the direQion of Mr. 
Abraham Darby# Befides the communication of thefc 
works with the Severn river, they have a branch of the 
Shroplhire canal extended to conncft with their tail-ways. 
See Canal* 
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COATING, in its general fenfc, denotes the covering of 
a body, or the fpreading of one fubftance over another; and 
this is pra£li!ed, with various views, in civil economy, in 
the arts, and in feme fcientific branches of knowledge. 
Thus, human beings are covered with various garments:, 
both for defence ana for ornament ; houfes, \efftls, and molt 
works of wood, are covered with paint, or pitch, or lead, 
or copper, or other matter, for the lame purpofes ; the bafer 
metals are covered with the richer, filvcr is coated with 
gold, copper with gold or filvcr in ornamental works; iron 
or copper is coated with tin for culinary purpofes, in order 
to prevent the rufting of the former, and the noxious dfe&s 
of the latter; and fo forth. See the pra&ical methods of 
pcrfoiQimg thefe operations under the articles Painting, 
Plastering, Gilding, Silvering, Tinning, &c. 

Coating, in Chemi / lry t is ufed principally for the pur- 
pofe of defending certain vtffcls from the imm ediate ad ion 
of fire ; thus, glafs retorts and the iufide of fome furnaces 
are coated with various compofitions. See Lorication, 
and Luting. 

Coating, in Eleftriciiy , means the covering of eledric 
bodies with condudors, or the latter with the former, or, 
laftly, ele&rics with other ek dries. Eledrics are coated 
with condudors, for the purpole of communicating to, or 
removing from, their furfaces, the ele&tic fluid in an eafy 
and expeditious manner ; otherwife an eledric body, on ac- 
count of its non-conduding propeity, cannot be eledrificd 
deprived of the eledric fluid, without touching almoft every 
point of its furface with an eledrified or other body. Thia 
coating generally coufilU of tin-foil, (beet-lead, gilt paper, 
gold leaf, filver leaf, or other metallic body, either in ihe 
form of a thin extended lamina, or in final! grains, fucli aa 
brafs filings, and leaden '(hot. The coating may be faltened 
to the furface of the electric by means of pafte, glue, wax, 
or other adhtfive matter. In lining Leyden phials, care 
(hould be had not to fallen the coating (if it conlifts of 
brafs filings or gold leaf ) with varnifli ; for this is apt to take 
fire on making the difeharge. But in fome cafes the metal- 
lic coating is merely laid upon the eledric ; for initance, in 
certain experiments, a piece of tin-foil, or a brafs plate, is 
Lid upon a pane of glafs, fo that after having charged the 
glafs, the coating may be eafily (hook off ; and a Leyden 
phial is, fometimes, partly filled with leaden (hot, which 
performs the office of an inner coating, and may be eafily 
poured out of it. Alfo, when two extended parallel me- 
tallic furfaces are placed at the diftancc of about an inch or 
two from each other, the intervening ft rat urn of air (being 
an eledric) is faid to be coated, and may be charged and dil- 
charged like a Leyden phial. When the eledric is of a 
very fulible nature, fuch as fulphur, (hell-lac, fealing-wax, 
&c. a cafe of it may be coated by pouring it melted upon a 
metallic plate, or in a cup, which is required in certain expe- 
riments. See Ellctricity, Electrot horus, and Ley- 
den phial. 

In certain cafes conductors are coated with ek dries, 
either partially or entirely, for the purpofe of preventing 
the abforption or diffipation of the eledric fluid from their 
furfaces. This is done with varnifli, or more eft’edually 
with fealing-wax, the latter of which, when the fliape and 


fize of the condudor allows it, may be caftly performed by 
warming the conductor to a certain degree, which is indi- 
cated by adual trial, and then robbing a (lick of fealing- 
wax over its furface. 

Laftly, the coating of eledrics with other eledrics, is 
piincipally, if not rxclufively, prndifed with articles of 
glafs; for, fince moifture eafily adheres to the furface of 
glafs, the mfulating quality of the latter is thereby greatly 
d'miniflied and often annihilated ; htnee the glafs feet of in- 
flating (tools, the glafs handles of diredors, the pillars of 
fome cledrical machines, &c. are generally coveied with 
fome other eledric fubllance of a refinous quality, which is not 
apt to attract moifture. The fubftaners principally ufed for 
this purpofe art fealing-wax and varnifli. When the glafs 
article is fufficieutly fmall, the bed way of covering it with 
fralmg-wax is, to heat the former, and then to rub a flick 
of fealing-wax over it, fo as to form an equal coat of the 
wax over the furface of the glafs; and this is, by far, the 
belt mode of obtaining the defired objtd ; but when the 
pirce of glafs is too large, then the lealing-wax mud be 
diffolved in fpirit of wine, and muft afterwards be fpread 
over the glafs with an hair pencil ; having previoufly wiped 
the glafs perfedly clean and dry. In this cafe, however, 
care muft be had to ufc the bed redified fpirit of wine, or 
alcohol ; for if impure fpirits be ufed, the folution ot feal- 
ing-wax, when fpread upon the glafs, will infulate very im- 
perfedly, or even not at all. Of the diffolved fealing-wax 
you may lay two, three, or more, coats upon the glafs, al- 
ways allowing one coat to become perfedly dry, before the 
llext is put on. 

With refped to the ufe of varnifli, it muft be obferved, 
that very few of the common vamilhes will anfwcr this pur- 
pofe in any tolerable degree. Thia is one, however, which, 
when properly made, and carefully applied, anfwers as well 
as the fealing-wax coating. This varnifli, which was long 
kept a fecret, is made in the following manner : Take half 
a pint of linfeed-oil, one ounce of faccharum faturni, and one 
ounce and a half of litharge. Set them in an iron vcffel to 
boil over a fmall charcoal hre (viz. fuch as is barely fufficitnt 
for the purpofe), ftirring the materials frequently with an 
iron fpatula or an old knife. As foon as thefe ingredients 
are incorporated, add one ounce and a half of prepared amber, 
and let it continue to boil, dining the materials frequently, 
until you find upon trial, that a drop of the liquor, placed 
between two knife blades, ftretchcs like thick glue, or like 
turpentine. When this takes place, remove the veffel from 
the fire, fuffer it to cool a little, and then mix fpirit of tur-> 
pentme with it, ftirring the whole together, which will thin 
it ; but take care not to render it too thtV; for by keeping, 
in a few days, it will of itfelf grow th : nner. Laftly, keep 
it in bottles for ufe. N. B . The iron veffel muft be much 
larger than the quantity of ingredients might require, and 
it muft be furnifhed with a handle, becaufe the oil, &c. in 
boiling, is apt to fwell and will run over, if the veffel be not 
quickly removed from the fire. The amber is prepared, firft, 
by powdering it ji fecondly, by melting, or rather charring 
it, in a (hovel over the fire ; and, laftly, powdering it again 
in a mortar. This varnifli is ufed in the fame man- 
ner as the above mentioned folution of fealing-wax ; but you 
need not lav on more than one coat of it, or, at molt, two. 



Cobalt 


COBALT, Koboli , Germ, in Mineralogy . Cobs It ii a 
metal of a white colour, inclining to bluilh, or Heel-grey ; 
when tarnifhed, acquiring a reddifh tinge ; its fra&ure ii 
com pad, fine-grained, and uneven. Its fpecific gravity is 
8.53. It it attracted by the magnet, and it itfelf capable 
of polarity. At a common temperature it it brittle, and 
cafily reduced to powder, but when red hot may be ilightly 
extended under the hammer. It requires for its fufion nearly 
the fame heat ai caft iron does. When in the ttate of 
oxyd it tinges the faline vitreous fluxes of a deep blue. It 


it foluble in nitro- muriatic acid, and the folution forms a 
blue-green fympathetic ink. 

§1. Ores of Cobalt, 

Cobalt occurs, ill, mineralized by arfenic; ad, at an 
oxyd; 3d, combined with arfenic acid; 4th, combined 
with fulphuric acid. 

Sp. I. Arftmcal Cobalt . 

Cobalt is never found pure in the metallic Hate, but n 
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always alloyed with arfenic, and often befides contains iron 
and iulphur, and fometimes nickel, bifmuth, and filver. 

Of the fqb-fpecies only the cryftnllized (3d fub-fpecies) 
has b*en aualyzed, and both by Klaproth and Taflkert. 
The following are the rcfults. Klaproth obtained 
Cobalt • 44. 

Arfenic - 55.5 
Sulphur - 0.5 

ico.o 

Talbert obtained 

Cobalt - 36.66 
Arfenic - 49. 
iron - 5.66 

Sulphur - 6 .5 

97.83 
Lofs - 2 . 1 8 

JOO. 

Similar differences are obferved between the analyfis of 
this variety by other chemitts, fo that it may be considered 
as allowing confiderable range both in the proportion 
and nature of its conttituent part*, without materially af- 
fecting its cryftallization. It appears, however, from Hauy, 
that when the cryllals difplay a lamellar fraCture, they con- 
tain a notable proportion of fulphur and iron. We fhall 
follow Brochant’s arrangement of the fub-fpecie9. 

1. Sub-fpccics. White cobalt. lVeffcr Speijhobolt. Cobalt 
blave, (fpecie6 2 of Kirwan and Hauy). 

The colour of this mineral, when rectntly broken, is tin- 
white, but its furface is generally ycliovvifh, bluifli, greyiffi, 
or irdefeent, like fteel that has been heated. It occurs in 
mafs, diffeminated, kidney -fhaped, and rarely in minute 
quadrangular tables, or impcrfcCt cubes and o&ohtdrons. 
Their external luftre is flight, but internally is brilliant and 
metallic. Its fra dure ia fine-grained and uneven : when 
broken, it flies into fharp-edged irregular fragments : when 
in mafs, it contains fine-grained granular diftind concretions. 
It requires a polilh by fridion, is brittle and hard: when 
expofed to the blow-pipe, white cobalt melts with great 
cafe, giving out a white vapour, and a ftrong arfenical 
odour, and a white brittle bead of metal remains, which 
gives a blue colour to glafs of borax, when melted with it. 

It is found in Norway, at Tunaberg in Sweden, Annabcrg 
in Saxony, and alfo, rarely, in Swabia and Stiria. In Saxony 
and Norway, it is contained in beds of micaceous fchillus, 
accompanied by the red earthy cobalt, quartz, hornblende, 
and pyrites. 

2. Sub-fpecies. Dull-grey cobalt. Graucr Spei/kobolt . 
Cobalt gru, (fp. j. of Kirwan and Hauy.) 

The colour of this mineral is a clear Heel-grey, but by 
expofure to the air it acquires an iridefeent tarnifh. It 
occurs in mafs or diffeminated, fometimes in kidney-fhaped 
or cluttered mattes, and very rarely in fpecular laminae. Its 
external luftre is very feeble, but internally it exhibits a 
bright metallic luftre. Its fra&ure is compadt, generally 
even, but fometimes patting into fiat-conchoidal ; its grain 
is remarkably fine and clofe. Its fragments are (harp- 
edged, indeterminate, it is not fo hard as the preceding, 
and is lefs brittle. Its fpecific gravity varies from 4.3 to 
5.3, or even 5.^. It gives a bluim-grey metallic ftreak. 

When expoled by itfelf to the blow-pipe, it gives out an 
arfenical vapour and fmell $ but fcldom fufes : when treated 
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in the fame way with borax it gives the flux a blue colour* 
and is reduced to a metallic globule. 

A fpecimen from Cornwall was anal y fed by Klaproth, 
who procured from it about 20 per cent, of cobalt, 24 of 
iron, apd 33 of arfenic, the remainder confifting partly of 
bifmuth and fulphur, together with earthy matter. Some 
varieties have alfo been found to contain nickel and fi.ver. 
It is found in Saxony, Bohemia, Swabia, and Hungary ; alfo 
in Stiria, France, Norway, and Cornwall. 

3. Sub-fpecies. Bright white cobalt. C/auz Koloh . 
Cobalt eclatante. 

The colour of this mineral is tin-white, but tarniflies to 
greyifh, whitifh, or iridefeent. It is found in mafs, diffemi- 
nated or inverting, or of particular (hapes, as cluttered, 
kidney-fhaped, globular, or cryttallized in cubes or odohe- 
drons. The cryllals are middling- fixed or fmall, their fur- 
face is commonly fmooth and brilliant, and marked with 
Arise on the Tides of the primitive cube. The fmdure of 
the cryftals is lamellar, that of the other varieties is fine- 
grained, uneven, or radiated. When m mafs it prefents 
granular, or lamellar, or trilaceous diltindt, concretions. ]ta 
hardnefs i3 fomewhat inferior to the preceding fub-fpecies : 
when pulverized, it is of a fteel-grey colour. Sp. gr. 6.2. 
It is brittle, and eufily frangible. 

Before the blow-pipe, it burns with a fa*nt white flame, 
difengaging arfenical vapours ; it then becomes black, is 
attractable by the magnet, and is, with the utmoft difficulty, 
reduced to a metallic globule. It often contains as much 
as 50 percent, of reguline cobalt. 

This is the commoneft of all the ore9 of cobalt : it occurs 
for the moft part in primitive mountains, together with 
the other fpecies of cobalt ore, with vitreous, red, 
and native filver, with arfenical and cupreous pyritrs, See . 
It is met with in various parts of Germany ; alio in Sweden, 
Norway, Stiria, and Cornwall. 

Sp. II. Earthy Cobalt . 

Of this there are the four following varieties : 

Var. 1. Friable black cobalt. Schwarzer Kobolt muhn « 
Cobalt terreux noir friable . 

The colour of this is black, bluifh, brownifli, or greyifti 
black. It 19 without luftre, has a loofe earthy confidence, 
ft friable and meagre, ftains the fingers in a flight degree, 
and gives a brightiih ftreak. It is foluble in muriatic acid ; 
tinges borax blue, and very rarely (hews any indications of 
fulphur or arfenic, when treated by the blow-pipe. 

Var. 2. Indurated black c >balt. Vcrharteter fchwarzer 
kojfok . Cobalt terreux noir endured 

In colour it refembles the preceding, except that it is 
fometimes of a dark greenifli black. It occurs maflive, difi. 
feminating, inverting, kidney-ffiaped, cluttered, or in veins. 
It is dull, but takes a poliffi by fri&ion. Its fra&ure is 
earthy and compad, patting into flat-conchoidal. It pof- 
fiflVs a moderate degree of hardnefs. Sp. gr. from 2. to 4. 
With nitric acid it gives a red folution, and a bluifh-green 
one, with muriatic acid. It has not been accurately ana* 
lvfed, but coniitts of oxyd of cobalt, with a fmall variable 
proportion of arfenic and fulphur mixed with vitreous fiiver 
ore, oxyd of iron, and clay. 

This, and the preceding variety, are always found toge* 
then but the indurated is by much the moft rare. It is 
found in Saxony, Thuringia, Swabia, and the Tyrol. 

Var, 3. Yellow cobalt. Gclbcr erdkoblt. Cobalt ter * 
reux jaunt. 

Its colour is that of faded ftraw, patting into yeHewifh 
white, and often ftreaked with brick-red. It is iouad ia 
mafs, diffeminated or in vetting. It is without luftre,., hat a 
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fine-p rained earthy fra&ure, gives an un&uous ftreak, and is 
foft and friable. 

It is infufible per fe , gives a feeble, arfenical odour, and 
communicates a deep blue tinge to borax : but vthtti mixed 
with iron, as it often is, the colour is greenifh. 

This is one of the rareft of the ores of cobalt. It has 
hitherto been found only in Thuringia, Wirtemberg, and 
Dauphine. 

Var. 4. Brown cobalt. Brauner erdkololt. Cobalt ter - 
reux brun . 

Its colour is a clear liver-brown, patting into grey, yellow, 
and black. It occurs in mafs or diffeminated ; it is dull, 
but acquires a greafy iuftre by fri&ion. Its frafture is 
fine-grained, earthy. It is ealily broken, being almoft 
friable. It lias been analyfed, but appeals to be the con- 
necting link between the Ucond and thud varieties. When 
thrown on burning coals, it generally gives out an arfenical 
odour. 

Sp. III. Red Cobalt . 

Of this there are two varieties. 

Var. x. Cryftallizcd. Koboltblutc. Fleurs de Cobalt. 

The ufual colour of this mineral is peach-blofTom-rcd, 
palling into cochineal and greyilh-red ; by expofure to the 
air it becomes paler, and almoll white. It is found very 
rarely in mafs, or difTeminated, and Hill feldomer cluttered, 
or kidney- Ihaped ; its molt ufual date is that of a thin 
cryftalline covering, or minute drufes of cryftals. The 
forms which it generally affe&s are rc£anguljr tables, or 
tetrahedral acicular prifms, or hexahcdral prifms terminated 
by dihedral fummits : thefe figures, however, ar* not often 
determinable, on account of the minutenefs of the cryftals, 
and their tendency to form radiates and globular groupcs. 
The furface of the cryftals is fmooth and brilliant, and their 
fra (ft u re lamellar. The fradture of the other kinds is ra- 
diated, patting into fibrous. It is tranflucent, and often, 
when cryftallized, femi-tranfparent. 

Before the blow-pipe it gives a faint arfenical odour, and 
becomes of a dark-grey colour ; it is almoll infufible by it- 
fclf, and gives a beautiful blue tinge to borax. 

Var. 2. Earthy. Koboltbefchlag. Cobalt ter reux rouge 
pulverulent . 

The colour of this is the fame as that of the preceding 
variety. It occurs in a pulverulent or indurated (late, diffe- 
minated through, or invetting other minerals, and occafiona.ly 
in mafs. It is dull, opakc, and has an uneven earthy frafture. 
In other rcfpt&s it agrees with the preceding. 

Sp. IV. Native fulphat of cobalt. Naturticher lobolt - 
vitr iol. Sulfate de cobalt nat 'if 

At Herrengrund, near Neufohl in Hungary, is found a 
faline fubftance, in the form of tranflucent ftala&ites, of a 
pale rofe-red colour. It was at firfl fuppofed to be fidpbat 
of manganefe, but from an analyfis of Klaproth, it appears 
to be a pure fulphat of cobalt. 

§ 2. Reduction of the Ores and Analyfis. 

Cobalt is never employed in manufa&urc in the regwlinc 
flate; the foie ufe of this very valuable metal being to give 
various (hades of blue colour to glafs and enamel, and when 
thus employed, it is in the ftatc of oxyd. In this ftate it 
forms cither zaffre, or f malty when prepared in the method, 
which will be deferibed in the next fc&ion. 

Many of the cobalt ores are complicated, and difficult to be 
analyzed completely, nor is it eafy to obtain the cobalt alone 
from them in conftderable purity. The metals naturally 
varied with cobalt arc the following : ill, arfcnic, generally 
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in very large quantity, part of which is in the reguline ftate, 
and, as appears, another part is in the ftate of arfenic acid, 
which, uniting with the oxyd of cobalt, forms an arfemat 
of cobalt, that has often been miftaken for the pure oxyd. 
The entire reparation of the two 13 extremely difficult. 
2d. Nickel cxitt 8 with many cobahic oreB ; and being foluble 
in the fame menftrua, it is not eafily feparated. 3d. Iron, 
in variable quantity, is found with moft cf the ores of co- 
balt, and is hurtful, as it impairs and degrades the fine b^e 
for which alone cobalt 19 valued. 4th. Manganefe, which 
is a ftill worfe admixture. 5th. Copper, in fmall quantity, 
is fometimea found, which, however, does not much injure the 
cobalt. 

An imperfe& analyfis of the common cobalt ores, and 
which merely has for its objedl the extraction of the cobalt, 
is made in the following way : Mix the ore, in fine powder, 
with charcoal or faw-duft, and roaft it in a low red heat, 
till the arfenic is driven off, and no arfenical fumes arc any 
longer perceived. Calcine the refidue fomc time longer 
with a (trong red heat, and in an open fire, and then mix it 
with about four pans of a faline, reducing flux, (fuch as that 
compofed of equal parts of tartar and carbonat of potato) 
and heat it in a roomy covered crucible, at firft moderately, 
till the firft fwelling of the materials has fubfided, and then 
for a quarter of an hour in a heat fully fufficient to melt 
iron. When cold, a button of reguline cobalt is found 
beneath a mafs of fcoriae of an intenfe blue-black colour. 
From ioograins of theTunaberg ore, Klaproth obtained in 
th’s way 44 grains of regulus of cobalt, which, however, 
mutt have been ilili very impure, retaining iron and a portion 
of the arfenic. It may be fimher purified by alternate 
deflagration with nitre, and reduction with a faline carbo- 
naceous flux, repeated two or three times, in the way that 
Lampadius and Tromfdorf have employed with fmalt, as 
will be prcfently mentioned. 

The reducing flux for cobalt ore, employed by Bcaume, it 
the following : Mix 1 oz. of the roafted ore with 3 oz. of 
black flux, and £ oz. of carbonat of potato, cover it when 
in the crucible with about l oz. of fait, and heat the whole, 
at firft (lowly, and afterwards very brilkly fur a quarter of 
an hour. 

But, for the purpofea of mere analyfis. where all the 
conftituent parts of the ore are required to be known with 
as much precifion as pottible, thefe methods are much too 
inaccurate to be depended on, and recourfe mutt be had to 
the more tedious and difficult analyfis in the humid way. 
The procefs given by Taffaert (An. dc Chim. tom. 28.) 
is highly valuable and inftru&ive. 

The method given by Lampadius, of purifying cobalt by 
fufion is the following : Projed in a red hot crucible a 
mixture of 4 oz. of zaffre, 2 oz. of nitre, and £ oz. of 
charcoal. A ftrong arfenical fine!! h perceived in the pro- 
cefs, and a blacki:h-grey rnnfs is left, which is to be again 
mixed with charcoal and nitre and deflagrated as before: 
then throw in the crucible 2 oz. of black flux, and heat it 
intenfely for an hour. This gives a tolerably pure regulus 
of cobalt, weighing 6 drams. Powder ifc, and mix it with 1 
dram of nitre, and as much manganefe ; put it into a luted 
double crucible, and heat it for an hou* in a .forge* furn nee. 
The metal, by this operation, lofes all i:s iron and is nearly 
pure. 

TtomfdorPs procefs is the following: The zaffre, or 
fmalt, is to be twice detonated with nitre, then watoed in 
hot water, which carries oft’ the arfenic now united with the 
potato of the nitre, and the nlidue is to be digefted in dilute 
nitric acid, which wilt only touch the cobalt and leave the 
iron, The nitrous folutiou may then be dccompofcd by an 
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alkali, and the purified oxyd of cobalt, thence refulting, may 
be afterwards reduced if required. 

§ 3 . Preparation of Zaffre and Smalt , or Azure . 

All the zaffre and fmalt of commerce are prepared in fome 
parts of Germany, and particularly at Schneeburg in Mifnia, 
which affords a very lucrative trade to Saxony. The fol- 
lowing is the method of preparation as given by Kunckel. 
(See NerVs Art de la Ferrer ie.) The cobalt ore, broken in 
fmall pieces, is fpread on the hearth of a furnace, like a 
baker’s oven, fo conftrudkd that the flame of the wood is 
reverberated on all Tides over the furface ; which foon heats 
it red-hot. A very denfc arfenical vapour then arifes, which 
is conveyed from the furnace into a horizontal wooden 
fquare trough, or chimney, fometimes of the enormoualength 
of a hundred fathoms, where moll of the arfenic is con- 
denfed and collected for fale. The cobalt ore is calcined 
for fome hoirs, till it fcarcely emits any more vapours, after 
which it is taken out, ground to fine powder, replaced in the 
oven, and calcined a fecond time, aird then again ground 
and paffed through a very fine fitve. This powd r is then 
mixed with about twice its weight of powdered flint or 
quartz, wetted to the confidence of ftiff mortar, and rammed 
into fmall barrels, where the mafs foon acquires a ftony 
hardnefs, and is then the zaffre of commerce. The reafon 
of ufing the flints appears to be partly to dilute the cobalt 
ore, and partly for fome purpofe of concealment ; the ex- 
portation of the funple calcined ore being forbidden under 
heavy penalties. 

Smalt , fometimes alfo called azure blue, when finely 
powdered, (which mull not be confounded with the true 
azure, or lapis lazuli) is an intenfeiy deep blue glafs, made 
of the calcined cobalt ore and the common verifiable fluxes, 
which is ufed as a colouring matter for a variety of purpofes. 
The intenfity of colour of courfe depends on the proportion 
of roafted cobalt ore which it contains, regard being had to 
its quality, and the proportion of oxyd of cobalt which it 
is ettimated to contain. On an average about equal parts 
of the roafted ore of potafh, and of ground flints are ufed. 
This mixture is firft fritted , and then melted in pots (imilar 
to thofe of glafs-houfea, and about ten or twelve hours of 
fufion are required. When the glafs is thoroughly fufed, 
it is laded out and dropped into cold water to crack it in 
every direction, and then ground in a mill made of a very 
hard done. At the bottom of the glafs- pots a quantity of 
rcgulus of bifmuth is always found, lying under a mixed 
alloy of arfenic, iron, and copper. 

The grinding of the blue glafs is a work of much dif- 
ficulty, and different degrees of finenefs of the powder are 
obtained by fubfequent wafhing and lifting. 

Smalt is a valuable colour, on account of the fine body 
which it poflefles ; and being indeftru*hble in any heat, it is 
lifeful for all enamel colouis, but it wfil not mix with oil 
colours, and therefore can only be partially ufed. Starch 
is (lightly coloured with it to give a fmall degree of bl (re- 
liefs, which corre&s the yellow hue which linen and cotton 
acquires by being worn. 

Zaffre is alfo prepared in Bohemia, Wirtemberg, Sikfia, 
and Lorraine, but the Saxouis preferred. 

The oxyd of cobalt contained in the zaffre is ftiil inti- 
mately mixed with a fmall portion of arfenic, partly as arfe- 
»nc acid, and partly as oxyd of arfenic. If zaffre is digelied in 
liquid cauitic ammonia, a red folution is formed, which, on 
evaporation, depofits a yellow powder, which is a mixture 
of the oxyds of cobalt and arfenic. If zaffre is boiled in 
water, a folution is alfo obtained, which is fenfibly acid, and 
was thought by Brugnatelii to indicate the exigence of a co- 
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baltic acid, but Darracq has (hewn it to be an arfeniati 
cobalt. 

§ 4. Chemical Properties of Cobalt 

Cobalt, when perfeftly pure, has a it eel -grey colour, not 
very refplcndent, and when (lowly coo’ed, has fomewhat of 
a reticulated texture. It melts at about the fufing point of 
caft iron. 

Cobalt, when heated ftrongly in contaft with air, is 
converted into a black oxyd, with an inoreale of about 18 
parts on 100 ; hence top parts of the oxyd contain 84.75 
of metal, and 15 2$ of oxygen. When it retains any arfe- 
nic, the colour is reddilh. 

This metal burns in oxymuriatic acid gas, with a bright 
white flame. 

The fulphuric acid diffolves cobalt with difficulty, but its 
cxyds more readily. If zaffre, or which is better, the wet pre- 
cipitate from nitrat of cobalt by carbonat of potafh, is di« 
gelled with fulphuric acid, and the mixture evaporated nearly 
to drynefs, the relidue digefted with hot water, gives a fo- 
lution of fulphat of cobalt, which, by flow evaporation, 
affnds the fait in cryflals, that are of a fine red whtn the 
metal is pure, but greenifli when it contains nickel. This 
fait is foluble in T5 parts of boiling, and 24 parts of cold 
water. 

Nitric acid diffolves cobalt or its oxyd copioufly and with 
great cafe by digellion in a moderate heat. The foiution is 
red, or claret-coloured, or yellow, if it holds iron. It 
fcarcely can be brought, to cryftallize, but by evaporation 
to drynefs and calcination, it leaves a dark red or violet 
oxyd. 

Muriatic acid a&s with great difficulty on cobalt, and 
can fcarcely be made to diffolve it, unltfs by repeated eva- 
porations to drynefs and affufion of fre(h acid. But it dif- 
lolves the oxyds' of this metal with much more cafe when 
aflifted by heat. The folution is of a rofe-red, but when 
evaporated to drynefs and warmed, it acquires a beautiful 
blue-green, which more approaches to blue in proportion as 
the folution is free from iron. This Angular property of 
the mi.riat of cobalt was firft difeovered by Htllot, and 
ijfcd in making a beautiful fympathetic ink, the properties 
of which have engaged much of the attention of che- 
mifts. If the folution be confidrrably diluted, charac- 
ters traced by it' on paper are fcarcely vilible when cold, 
but when held near the fire, they very lpcedily affume 
a beautiful blue green, which colour again totally difap- 
pears when cold, ami may be made to re-appear at 
pleafure by the fame means. The paprr, however, (hould 
not be heated more or longer than is neceffary to produce 
the full t(Fe&. It is found, that not only the pure'muriat of 
cobalt, but any folution of this metal into which muriatic 
acid, or a muriatic fait, enters, will have the fame effedl. 
Hence the commoneft method ol making this fympathetic 
ink, and that employed by tht inventor, is, to digeft zaffie 
in a moderate heat, with a mixture of about three parts of 
nitric and one of muriatic acid, diluted with as much water, 
til! a highqlaret-colourcd folution is formed, which (hould then 
be diluted with as much water as poffible, to prevent the 
paper hom being corroded by the acid. But a much more 
concentrated folution may be made, which (hall not injure 
the paper, in the following way : Boil fome moderately di- 
lute nitric acid or zaffre, till much oi the cobalt is 
diffolved out of it^ then add to it any alkali as long as any 
precipitate takes place ; pour off the clear liquor alter Hand- 
ing iome time, wa(h the fediment with hot water, and 
throw it on a filter. Take the fediment which is left on the 
filter, and put it, while ilili wet, into a glafs fiafk, atu^boil 
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it with diftilled vinegar, which will readily diffolve it, and 
makcarofe-coloured folution, which may then be made into 
a line fympathetic ink, by dilTolving in it fome common fait 
or fal-ammoniac. 

It hat been mentioned that the colour of the common 
cobaltic fympathetic ink is green, and when made Amply 
by dilTolving the foluble part of zaffre in nitro-muriatic acid, 
it is generally a pale grafs green, but in p-oportion >9 the co- 
balt becomes purer, the colour approaches to a bright blue 
green. This is probably owing to the feparation of iron 
which the common zaffre contains in abundance, and which 
may be effeftrd more or left perfe&ly in various methods. 
The (impleft (though not the moll economical) is to add to 
the folution very gradually carbonat of potafh as long as the 
precipitated ox yd in rofe -coloured, and to ccafe when it begins 
to have a yellow ochcry hue ; for the former coulilta chiefly 
of the cobalt, and the latter chiefly of the iron. Then by 
collefting, walhing, filtering, and re-difl’olving the rofe- 
coloured precipitate in the nitric or acetous and, a much 
purer folution is obtained, which contains vtry little iron, and 
gives a blue-green fympathetic ink, when any muratic fait is 
added. Another way of feparating molt of the oxycl of iron 
is to evaporate the nitrous folution neaily to dryntft, and to 
expofe it for fome time in a fliallow vctTcl to the air, by 
which much of the iron will be rendered infoluble, and fub- 
fide as a red ochre, whiltt the cobalt will remain in folution. 
Or e’fe the acetitcd folution of both metals may be alter- 
nately evaporated to dry neft, and the foluble part v re-diffolved 
by frelh acetous acid, for two or three times fucceffively, 
by which the iron will gradually feparate, and the cobalt 
alone be left. 

But to obtain perfeftly pure cobalt, feparate from arfenic, 
bifmuth, iron, and other impurities, is more difficult, for in 
the above-mentioned proceffes the arfenic acid and oxyd con- 
tained in the cobalt ore mull accompany the cobalt and be 
retained in all the folutions. We fhould therefore recom- 
mend the following method : Digefl a quantity of z tffre 
with nitric acid diluted with about three times its weight of 
water, and boil them for fome time. After (landing for a 
while pour oft' the clear lolution and evaporate it nearly to 
drynefs. Then dilute it* pretty largely with water, which 
will caufe the bifmuth, if any, to fobfide. Then neutralize 
any exceft of acid in the filtered folution by any a 1 kali, 
avoiding to precipitate any of the metal which it contains, 
and add, cautiotifly by drops, fome of a folution of nitrated 
lead (made by diffolving the cryftals of this fait in water) as 
long as any precipitate falls down. This latter is arfeniat of 
lead, and by this means all the arfenic acid of the zaffre will 
be removed. Then entirely decompoft the clear folution by 
cauftic potafh, colleft and wafh the precipitated oxyd put into 
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a phial, and add to it fome cautlic ammonia, which will dif- 
folve only the oxyd of cobalt. From this ammouiacal folu- 
tion all the oxyd may be again feparatrd either by evapora- 
tion to drynefs, or by boiling with caullic potalli, and a very 
pure black oxyd of cobalt is left, which may be reduced to 
the metallic date by being heated intenfcly in a covered cruci- 
ble lined with charcoal ; or it may be diffolved in the feveral 
acids. Tnis method, however, is expenfive, on account of 
the quantity of ammonia employed, bnt it is difficult to ex- 
cludt the iron totally by any other method. 

A triple fait of cohalt, nitric acid, and ammonia, ia made 
by adding ammonia to nitrat of cobalt, which may be cryf- 
taljiz-d. 

The fixed alkalies have little or no aftion on cobalt or its 
oxyds in the moill way, but ammonia diffolves the oxyds 
largely, as already mentioned. 

T<ndure of galls give a yellowifh white, and pruffic acid 
a green precipitate to the folutions of cobalt when free from 
iron. 

Sulphur unites with great difficulty to cobalt by fufion, 
but the hydrofulphurets and liver of fulphur readily diffolve 
this metal. Hydroftdpliuret of potafh added to the folutions 
of cobalt gives a very black precipitate, which an exceft of 
the hydrofulphuret again diffilves. Cobalt ore fufed with 
liver of fulphur is diffolved thereby, and a brilliant metallic 
looking mafs is produced, winch deliqutfces totally by expo- 
fure to air, and fall* into a dark liquid. 

None of the poffiblc alloys of cobalt deferve any particular 
notice, for this metal has only a ling.lc ufe in the arts, namely, 
that of giving a blue colour to vitrrfcent compounds when 
its oxyd is milted with them, and this colouring power is fo 
intenle, that a lingle grain of the pure oxyd (or zaffre in pro- 
portion) will give a very deep blue to half ati ounce of glals, 
When tlu glafs contains much more than this proportion, 
the body of colour is fo mtcnfe as to render it neaily opake, 
and hence, too, it is of ufe in forming the black glaffis and 
enamels. 

The affinities of cobalt are Hated to be in the following 
order, viz . the gallic, oxalic, muriatic, fulphuric, tartareous, 
nitric, phofphoric, acetic, arfenic, and cnrboit'c arids, and 
ammonia. We may add. however, that the difficulty of ob- 
taining pure cobalt, and the variety rf metals with which it is 
ufually alloyed, render this order of affinity fomewhat doubt- 
ful. 

Cobalt is alfo uftd by fome to rxpreft that fuffocative 
vapour or damp in mines, which often proves fatal to the 
miners. It is common among the Germans, to fay on this 
occalion, that the cobalt rofe and choaked them. See 
Damps. 



Coke 


Coke, or Coal, denotes pit-coal or fea-’oal charred. For 
the exciting oi intenfe heat, & for the fmelting of iron*ore, and 
for operations where fmoak would be detrimental, as the dry* 
ingof malt, foffil coals arc previoully charred, or reduced to 
coaks, that is, they are made to undergo an operation almoi 
fimilar to that by which charcoal is made. $y this proccfi 
coals arc deprived of their volatile parts, nothing remaining 
except the carbon and earthy impurities. The great qnan* 
titles of coal duft, or {mall coal, collided at mn.troui 


pits in the neighborhood of Newca He, woud io u be- 
come a great incumbrance, were it not that *n admirable, 
method has been difeovered, act only to prevent the incoft* 
vcniencc, but to torn it, with a Tittle modification, into an 
artic-c of commerce ar.d advantage, by preparations asfimple 
as they are ingenious. Coal, in this pulverized ftate, is not 
proper fbr chamber fires becaufe it falls through the bars of 
the grates, or extinguishes the fire by falling upon the ignited 
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cinJtfrs, in fuch :nn.ifi, l at noa-rc.ni get between to afiilt the 
combu It ion. This frail coal is, therefore, proper in this 
fl^te only for fimre purpofes in glnfs-houfe®, lime or brick 
kilns, forces Su\ The c.>nfnmpr«on for thefe purpofes is 
indeed very con ii icrabic, hut is not nearly rqual to the quan- 
tity produced by the pus notwiihltanding the preat enre 
that is taken to ke« p tlie coal i r i large pieces ; hcfids3, fome 
kinds are liable to crumble into frn ill-coal upon receiving the 
lea /I fhock: means have, thcr fore, bem fought to render 
this coal proper for other purpofes. That property, which 
belongs to the belt coal, of agglutinating and forming a 
fuig’cmnfs, when iu a ilateof combulbon, naturally fugged- 
ed the idea of endeavouring to confoiidate confidrrable 
qu-mtiti 8 of tlrs coal dull, or fmall coni, by means of a 
great tire. Toe fie £1 this it is put into a kiln, m a gr* j at de- 
gree linvlar to a lime-kiln, which is previoufly well heated 
wit:i la-ge pieces of coal. The (!nal!-"oa1 then runs together, 
and forms a mafs, without lofiug any large portion of its 
valuable qualities. When the ignited mafs is completely 
led, large pieces of it are pulled out with iron rakc3 (fuch 
as are tiled in the copperas work;), and laid teparately on 
the ground, where they are very loon extinguifhed ; thefe 
pieces are firm, though porous, and are excellently adapted 
for fmplting iron, and other ores, in higli furnaces. This 
.41 Triple and ingenious contrivance has given birth to feveral 
new branchesof induftry and commerce. The coal, thus pre- 
pared, 16 ufed in a great number of manufactories, where a 
draft or blalt is ufed, as a fubltitute for charcoal, to which 
it is in mod in fiances fuperior, as it produces a ftrongcr, 
more equal, and longer continued heat. Such is the method 
of coak-making at Newcaflle, and other places. That 
purfued in the great iron works at Carron, near Falkirk, tn 
Scotland, being fo completely different, our readers will cx- 
cufe our giving an account of this alfo. The bufinefb is con- 
ducted there in the open air, and in the mod fimple manner ; 
a quantity of large coal is placed on the ground in a round 
heap, of from 12 to 15 feet in diameter, and about two feet 
in height ; as many as poflible of the large pieces are placed 
on their ends, to form paffages for the air ; above them are 
thrown the fmaller pieces and coal dud, and in the mid it of 
this circular heap, is left a vacancy of a foot wide, where a few 
faggots are depofited to Idndle it. Four or five apertures of 
this k : nd are formed round the ring, particularly on the fide 
expofed to the wind ; there is, however, ftldom occalion to 
light it with wood, for other mafTes bting generally on fire, 
the workmen mod frequently ufe a few (hovels of coal already 
burning, which a Bis more rapidly than wood, 'and foon 
kindles the furrounding pile ; as the fire fpreads the mafs 
tncrcafes in bulk, puffs up, becomes fpoogy and light, cakes 
into one body, and at length lofcs its volatile parts, and 
emits no more fmoke. It then acquires an uniform rtd co- 
lour, inclining a little to white, in which date it begins to 
break into gaps and chinks, and to affume the appearance of 
the under part of a mu (broom ; at this moment the heap 
mud be quickly covered with afhes, of which ihere is always 
a fufficient provifion around the numerous fires, where the 
coak i* prepared. This method of throwing a large quan- 
tity of afhes on the fire, to deprive it of the approach of air, 
is fitnilar to that ufed in making charcoal, which is covered 
oyer with earth; the refult is alto pretty much the fame, the 
pit-coal thus prepared being light and porous, and produc- 
ing the fame effeft in high furnaces as charcoal* This is a 
quality of extreme value; finer, bv means of charred pit -coal, 
foundcries may eaftly be eltabfi filed, in places whtre tla want 
of wood for charcoal, would othmvile render it necefiary to 
abandon even the richtfl mines of iron. 

The fimple method above deLrihcd being found to con- 
fume much of the belt qualities of the coke, owing to the 
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too free acerfs of air during the procefs ; many year® ago a 
method was introduced, ox diddling, or charring coals, in 
ch fe vtflUs, by the heat of another fire externally applied, 
and by which alfo the liquid bituminous matter, or coal-tar, 
was ftparated and condenfcd ; the value of which, as a fob* 
iluute for pa nt in rough works, contributed to render this 
a profitable mode of preparing Hrong cokes*, For the (melt- 
ing of metals, and other purpofes m the arts, where, with 
g* eater plenty of wood,charc< al formerly was ufed ; and which 
coke, from itsmperior inflammability, could be ufed in com- 
mon grates and doves, where the draft or influx of air h in- 
fufficicnt to burn the common coke. On the 13th of No- 
vember, 1800, Mr. David Mufliet of Giafgow took out a 
patent for various improvements in metallurgy, and, among 
others, for an improved coking furnace, built of fire-brick, 
or iron-plates, and made to exciude the txternal air from the 
coals to be coked while they, are heated to incandcfctnce, 
by a fire underneath with flues enveloping the coking veffel. 
In his fpecification (fee Repertory of Arts, xiv. 182.), dif- 
ferent confirudtions of thefe furnaces arc deferibed, lome to 
condenft the tar and f >ot, or lamp-black, and fome for let- 
ting thtfe tfeape, if their coiidenfation fhouid not be found 
advantageous. On the ifith May, 1804, Mr. Frederick Al- 
bert Winfor took out a patent for combining the faving 
and purifying of the inflammable gas (for producing light and 
heat), the ammonia, tar, and other produdfs of pit-coal, with 
the mn lufa&ure of a fuperior kind of coke (fee Repertory, 
2d Series, v. 172.). And, lately, the fame gentleman has 
taken out a fecond patent, for further improvements in thefe 
procefles, but this fpecification not being yet filed (June 
1807), we are unable here to defcribe minutely, and give 
diawings of the oven, or carbonizing furnace, as we wifhed 
to do, which he ufes for prtpaiiig his patent coke, of a 
fupeiior quality, as thereirduu u of the pa:,, ammonia! liquor, 
and oil-ta?', ftparated in his proce flies (lee Gas/^/j/s, and 
Tar-W), in which 300 yards in length of the wall of 
Carlton- Houfe gardens, next to the Mall in St. James’s 
Park, were, on his majefty’s birth-day evening Jail, lighted 
lip with gas-lamps, and burners, of various con ll ructions, 
and with tranfpmencics, and other devices, illuminated by 
brilliant gas-lights. Tins patent coke, from the experi- 
ments which we have fren, levins pcrfedly applicable to 
burning in our rooms and apartments; making a lively and 
plcafarit fire, with a very fmail degree of draught up the 
chimney, and producing no imoke. IV o pecks of coals, 
weighing 36 lb. coked in one of Mr. Winfor’s fmall carbon- 
izing furnaces, produced 24 lb. of coke (or 67 per cer t ), 
which, when broke into moderate fized pieces, meafurtd 
three pecks. Dr. Watfon obtained 38, Mr. Jars 63, and 
M. Hieim 73 per cent, of the weight of coals, in lirnilar 
experiments. 

In the fmelting of ores in Silcfia, it was found ( 1. Bergm. 
Journ. 1790. p. 320.) that 92 lb., or one meafurt* of cokes, 
were equivalent to 180 lb., or three meafures of charcoal; 
and, in another place (ibid. 1792. p. 60.), one meafure of 
cokes is faid to equal the tffe&s of five meafures of charcoal, 
or three of pit-coal. 

From the experiments of M. Lavoifier, in the Stockholm 
Memoirs, 1781, p. 187, it appears, that the heats produced, 
as mcafured by the evaporation of equal quantities of water, 
under equal furfaces, and the times of couftimption, to pro- 
duce the fame effeft by four different kinds of fuel, were as 
follow, viz 


Combuftibles. 

Weight. 

Meafure. 

Duration. 

Pit -coal, 

600 lbs. 

• 10 cubic feet. 

- 20 hours. 

Cokes, 

403 

*7 

12 * 

Charcoal, - 

600 • 

40 

5 

Oak wood. 

1089 

33 

4*4 
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Whence it appears, that if coal produces a certain quan- 
tity of heat in a given time, coke, m a much (mailer quan- 
tity, will produce the fame effeft in little more than half the 
time ; an equal weight of charcoal in one-fourth of that 
time t and oak wood, of nearly double the weight of coal, 
in about one-filth of that time. 

The coke-ovens, mentioned in a former part of this article, 
btgan about 30 or 40 years ago, to be applied to other pur- 
poles betides the making of coke. About the year j 780, we 
rtmember to have feen a coke-oven, opening with a door al- 
moft like a large baker's oven, applied to heating the boders 
of the Iteam-engines of the Chelfca or Pimlico water-works, 
hut which has long iince betn difufed. On the 23d June 
1789, the right honourable Henry Seymour Conway took 
out a patent (fee Repertory of Arts, lii. 7J.) for improved 
methods of conveying and adapting the heat of coke ovens 
to the working of ile?.m er.ginc 3 , baking of bread, calcining 
and filling of metals and ores, &c. We are told in this 
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fpecificatton, that tiiree bifeuit-ovens were ended and work- 
ed fiomthe fire of one coke-oven thus conftruded, the heat 
from it being regulated by openings and tegillcrs, with 
perfedt fuccefs. See Ovln. Others of thefe coke-oveus 
were adapted for heating boilers, and for woiking Hills. 

The carl of Dundonald’s method of making cokes, or cin- 
ders, after lie had extradltd the coal-tar from coals, for which 
lie obtained a patent, 30th April, 1781, and the time of 
which was afterwards extended by aft of parliament to the 
ill of June 1 806, required the admitting of the external 
air into his furnace, in fuflicient quantities to carry on the 
cotnbuftion of the coals operated upon (fee Repertory of 
Arts, i. 143.), by which the nectflity of a fecond, or exter- 
nal fire, for heating the furnace was avoided ; but the cokes, 
produced by this means, are inftiior in quality to thofc pro- 
duced in clofe vtficls, as in the proceffesof Mulhet, Winfor, 
&c. above mentioned. 



Colliery 


CO LL TE R Y . U nder the article Coal we have recently 
given the hiftory of its mines and trade in Britain, its laws* 
the claflitication and description of different forts of coal* 
the pra&ice of coal-mining, and fomc of the principles to 
be obferved in fearching for coals ; this laft p«*rt admitting of 
farther and more general elucidation, we {hall refume the 
fubje& in this place, and treat of the diffe-ent opinions 
which naturaiifts have held, refpc&ing the origin and forma* 
tion of coala. 

Mr. R chard Kirwan, a moft indefatigable colle&or of 
ftt&s relating to geology, when fpeaking of carboniferous 
foils or coal tneafurts (Geological EfFay, p. 290, &c.), ftatea 


thefe to be either chiefly argillaceous or aremlitic, or both 
together, or of the trap kind, or calcareous; the circum* 
ftanccs of thefe, and of the coal found among them moft 
worthy of notice, he flatts to be the following ; viz. 

j°. They commonly form diftin& ftrata, or beds, one over 
the other to a great depth. The ftrata of coal are ufually 
called /earns (beds); it is very feldom found in irregular 
heaps (pipe-veins, bellies, nefts), or veins (loads, fitfarcs, 
rake-veins, &c.). 

2 e . Thefe feami are fcarccly ever found fugle % but thofe 
whofc thickncfs does not exceed 14 or Ij inches, are rarelv 
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worked. At Whitehaven five were lately worked, at New- 
caftlc three, at Liege 20. The higheft feam&, and next the 
furface, are generally the worft (fee §. 7°), but the deepeft 
are not always the bed, ’ 

3®. The thicknefs of different beds of coal is variable, from 
half an inch or lefs to 5 or 6 feet ; but not unfrequently it 
amounts to 25 or 30 feet, and in fome rare inftances to 80 
feet or more. No fuch feam as this lad has occurred in 
Great Britain. 

4 0 . Seams of coal generally occupy a conliderable extent 
both in length and breadth, and whatever the thicknef* of 
each may be, it is commonly conftant for a conliderable 
fpace, as a mile or two miles ; infiances of a contrary kind 
feldom occur, unlefs the feam be diflurbed by fome obftruc- 
tion (fee § t 6°), or at the extremities of a coal-foil, (coal- 
sneafures), or m an extent exceeding two miles. 

j°. In the fame iiratum (feam) if exceeding 3 or 4 feet in 
thicknefs, the coal is feldom exa&ly of the fame quality. 

6°. Different Teams of coal are iVparated from each other, 
by at lead one, but generally by fevtral 11 rata of earth or 
done (See article Coal) ; thefc, in a confidcrabie extent, 
preferve alfo an uniform thicknefs. 

7 0 . The uppermod feam of coal is commonly foft and 
dufty ; it is vulgarly called fmut. 

8°. Scams of coal, and alfo their concomitant ftrata, are 
generally. parallel to each other, unlefs an uncommonly thick 
iiratum of earth, 150 or 200 feet thick, intervenes. Their 
number and order are alfo fimilar, to a confiderable extent, 
yet variable in the fame diftiiA and foil. 

9 0 . In many of the concomitant ftrata, particularly of 
fhale, bituminous fhale, indurated clay, and fand-ftone, par- 
ticles of coal are found interfperfed. 

io'\ The ttrata that immediately cover coal, and thence 
called its roof( crop), are fhale, bituminous fhale, or fand-ftone; 
rarely any other. But they arc alfo often found at a great 
diflance above it. 

n°. The ftrata on which coal repofes, and thence called 
its Jloor , /ole, or pavement, are alfo fand-ftone, fhale, indurat- 
ed clay, or femi-protolite (a reddifh fand-ftone or breccia). 
Thislaft would, fays Mr. Kirwan,tn mod cafes, be found in its 
floor, if the mines were funk deep enough to reach it. 
Granite has alfo been found in its floor in a* few indances. 
In trap foils, trap or bafalt is faid to form fnmetimes the 
roof, and fometimes the foie of a feam of coal, but, in 
ftri&ncfs, it 13 believed, fhale modly intervenes. 

1 2". Impreflions of plants, particularly of the cryptogamic 
and culmirerous kind, are mod frequently found in fhale 
and bituminous /hales that accompany coal, or which are 
found in coal mines, fometimes on fdnd done, but very rarely 
on the coal itfelf. Roots alfo frequently appear in the in- , 
durated clay. Trees carbonated, or bituminated, fometimes 
repofe on coal, or are found under it. Fluviatilc (or river) 
(hells, mufcles, and land-fnails, often occur ; fea-fhells feldom. 

1 3 0 . Argillaceous iron ore is fometimes met with among 
the carboniferous drata of an argillaceous foil ; and martial 
pyrites, either found, or much oftener oxygenated, and mix- 
ed with the fubftance of the coal. 

14°. The firetch or cour/e (drift, run) of feams of coal, 
and of their attendant drata, is commonly between £. and 
W. or N.E. and S.W, There are, however, a few excep- 
tions to this role. 

15*. The dip (or pitch) of coal is exceedingly variable, 
fometimes nearly horizontal, fometimes from 25° to 45°, 
fometimes 75% rarely approaching dill more to the perpen- 
dicular. 

X 6°. The uniform courfe (or plane) of feams of coal, and 
of the drata that accompany them, is frequently interrupted 
by ©bftruftions, called*.//^* dytcs> troubles, /mutt, {hitches* 
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traps, breaks, fiflures, loads, knots). Thefe never fail to 
elevate (rife, upcad, uptrap) or deprefs (fink, downcaft, 
downtrap) the drata beyond them ; or rather, the drata on 
each fide of them are found at different heights. This ob- 
fervation is general, being found to hold good in every 
part of Britain, as well as on the con tine at. The inequal- 
ity of the height amounts frcMp a few inches to 120 feet, 
but fo great an inequality is rare, and has been found only 
in Derby (hire. In Germany it feldom exceeds, and fcarcely 
amounts to, 50 feet. 

1 7 0 . It has been obferved in Britain, that if thejlip , &c. 
overhangs (hades) on one fide, and confequently forms an 
acute angle with the feam of coal which it cuts, the conti- 
nuation of the dratum will be found lower on the other fide 
of the flip, and confequently, vice vetja, if it recedes from 
(underlays), or forms an obtufe angle with the feam of coal 
on the one fide 5 the continuation of the feam will be fourgi 
higher on the other fide, as in Plate I. Jig. I. of Geology* 
where a and b denote the interrupted feam of coal, and c r, 
the obftru&ion or flip, &c. 

18 0 . Thefe (lip's, & c. (or the matter filling them) fome- 
times confift of indurated clay, fometimes of fand-ftone, both 
different from fuch as form the ftrata, but more frequently 
of fome fpecies of ftone that never compofe the ftrata of 
coal-mines, except, perhaps, rocks of the trap fpecies ; their 
thicknefs amounts in various mines, from a few inches to fe- 
veral yards. Nodules of coal are fometimes found in the 
(lips, and water is frequently lodged in them. They often 
defeend from the furface to the grtateft known depths. 

19 0 . The difpoiition of the ftrata below the furface feldom 
conforms to the figure of the furface. The former is often 
regular, when the latter is broken and uneven, and vice verfdj 
very frequently the ftrata dip into a hill, againft the rile of 
the furface, or crofs it in a right or diagonal line. 

20°. The deepeft mines known are thofe of Namur, fome 
of which are faid to dclcend 2400 feet, or 400 fathoms. 

21 0 . The learns of coal, where in contact with their roofi 
Jloor, or Jlip, have a fmooth, poliihcd, glifteuing furface, 
which fhtws they were originally foft. 

To the above we have, in parenthefis, added fe- 
veral fynonyms for rendering them more intelligible in 
different diftri&s; we fubjoifc other general conclufions 
of this' ingenious author, relative to coals, with occa- 
fional fynonyms of our own, and number them in a feriei 
following the above, for the convenience of reference:. 
viz. 

22 Thatthcquantity of earthy or ftony matter in the mod 
bituminous. coal, bears no proportion to the weight of that 
coal; bituminous coal is capable of being charred (fee Coke); 
and then it » a fubftance almoft entirely refembling vegeta- 
ble charcoal, which, on combuilion, fcarcely leaves T * 5 th of 
its weight of argil or ftony matter. Geol. E 1 T. p. 316. 

23 0 . That mines of wood-coal (brown-coal, Bovey-coal, 
furturbrand) have no uniformity in the thicknefs of their 
fta'jpsof wood-coal (as in § 4’); on the contrary, in the moil 
confiderable of theft, an uniform decreafe of thicknefs from 
the plaee in which the wood was firft heaped, is obferved* 

Ibid 32 1. 

24°. That feams of real mineral coal, and thofe of earth 
or ilone that accompany thfrm» are obferved to preferve their 
parallelifm (noticed § 8 # ) even after an interruption by a flip 
or dyke, whether elevated or deprefled. But in mines of 
wood-coal, no fuch parallelifm, nor even any diftinA number 
of ftrata prevail, but the whole appears to be one iiratum, ir- 
regularly divided by maffes of clay or ftone. Ibid. 

25*. That mines of wood-coal prefent fudden elevations or 
deprdfions in the fame ftratum; Baines of real mineral coal 
never. Ibid 322# 
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»6 6 . That there are no flips or dykes in wood-coal mines ; 
thofe of genuine coal abound in them. Ibid. 

2 7°. That wood-coal is frequently covered with round 
fragments of quartz ; genuine coal never. Ibid. 

a 8®. That there is In the mufeum of Florence, a cellular 
fand-ftone, the cells of which §re filled with genuine mineral 
coal. Could this have been wood ? Ibid. 

That genuine coal is feldom found in plains, but 
wood-coal frequently is, according to Voight Praft. Ibid. 

3 2 3 * 

jo®. That the imprefliens obferved on real coal, are thofe 
of herbaceous plants, as fern, &c. j the imprdflons of re- 
flniferous plants have never been difeovered on the ftrata that 
accompany coal, and the trees found are commonly birch 
or oak. Ibid. 3^8. 

ji°. That the traces of land vegetables, and not of marine 
vegetables, are found on the ftrata that cover Teams of coal, 
or on thofe on which thefe Teams reft, or on both. Sca- 
fheiis are fcarcely ever found among them, and much lefs the 
bones of fifh: that, on the contrary /reeds or ru/hes, and flu- 
viatile fhells, have been found in the ftrata that cover coal. 
Ibid. J2j. 

j 2°. That common fait is never found in coal-mines, ex- 
cept when in the neighbourhood of fait fprings \ but on the 
contrary, alum and vitriol. Ibid. 324. 

33°. That carbonaceous ftrata never prefen t a conic eleva- 
tion on bath Tides of 2 difruptured ftratum, as would be the 
natural refult of an impreifton from below. Ibid. 337. 

34°. That coal is never to be expedited in primeval moun- 
tains, as granite, gneifs, dec., but that on the Tides of thefe, 
particularly if very high, or in the hanging level that dopes 
from them to fome river or valley, it may be fought. Ibid. 
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35°: That there is (till a greater probability of finding it 
in the neighbourhood of mountains of argillaceous porphyry. 
Ibid. 

36°. That it may be fought with probability of fuccefs 
in land- ftone mountains, if fand-ftonc and clay alternate, or 
land (tone, clay, and argillaceous iron ore. Ibid. 348. 

37°. That in any elevated land in which fand-ltone and 
(hale with vegetable imprefliofa, or indurated clay and fhale, 
or bituminous fhale, form diftinft ftrata, or clay, iron ore, 
and fhale, with or without ftrata of fand, coal may well be 
expe&ed. Ibid. 

38°. That if fand-ftone be found under lime-ftone, or if 
they alternate with each other, and, particularly, if indurated 
clay and fhale form any of the ftrata, they afford a probable 
indication of coal ; ctherwife coal is very rarely found in, or 
under lime-ftone. Ibid. 

39°. That coal is very feldom found with argillite, and 
fuch as has been is of the uninflammable kind. Ibid. 

40°. That where trap, or whin and clay alternate, and 
more efpecialiy trap and fand-ftonc, coal may be expe&cd j 
it is often, but not regularly, found under bafalt 5 wood-coal 
is fometimes found under both. Ibid. 

41 °. That coal frequently burfts out on the furface, or on 
the Tides of hills, in a withertd ftatc, which difl'ufes itftlf to 
a diftance from its origin, and requires an experienced miner 
to trace it truly to the Team to which it belongs. Ibid. 

Such are the valuable obfewations of Mr, Kir wan, on the 
probable exiftence of coal in certain fituations, and on its 
pofition and relation to the adjoining ftrata, See. Thefe 
cbfervations arc for the molt part unexctptionably true, and 
will be found confident with what wc have delivered on this 
fubjedt, under the article Coal ; but a few of them feem to 
require fome remarks in this place. 

1 3°. Under the names of different collieries we (hall take 


COLLIERY 

occafion to mention fuch Teams of coal at are remarkable for 
their thicknefs, or other properties. The limitation of 
two miles, as the extent of regularity in coal Teams, men* 
tioned in § 4 0 , feems i neon fill ent with the multiplied obferva- 
tions of Mr. Smith and other recent observers ; fometimea 
two or more veins of coal which are feparated only by thin 
beds of fhale, or other bituminous matter unfit for ufe, are 
found to unite, owing probably to the diffusion of the earthy 
matter more generally among the coal, inftead of its forming 
diftindt layers therein ; but generally, in purfuing the Team 
further, the coals feparate again $ the extremities of a coal 
foil, can, in our opinion, only be found in the regular ending 
or out-crop of the meafurea, (fee Ending of Strata) 5 or, 
where the ftrata on one fide of an obftruction or fiflure have 
been carried away by an ahrafion or denudation of the ele- 
vated ftrata, of which we (hall give fome account, and men- 
tion feveral curious inftanees in England, under the term 
Denudation. We are not inclined to think, that thick 
intervening meafures are more likely to alter the parallelifm 
of Teams of coal, as mentioned § 8°, than thin ones ; the 
contrary opinion has probably in fome cafes arifen from 
comparing the Team on different Tides of a fault or tiffure, 
which hades or declines coniiderably from a vertical pofmon. 
Under the article Coal, wc have explained how different 
borings or finkings in the fame diftridt, may differ materially, 
or perhaps entirely, owing to one being begun higher up on 
the meafures or feries of ftrata than the other, otherwife, we 
believe, that the fame ftratum will be found to have the 
fame fucceflion of ftrata under it. And here it may be ne- 
ceffary to note, that a place being higher vp on the leries of 
ftrata, has no relation to its a&ual elevation compared with 
the centre of the earth, or with a level line, as truly obferved 
by Mr. Whitchurft, (Enquiry p. 153,) but the lowcft known 
ftrata in many diftri&s are feen on the greateft heights ; this 
wc fhall amply illuftrate by examples, in the progrefs of our 
work. See Order of the Strata. 

The femiprotolite, mentioned § u°, certainly has no ex- 
iftence in a large portion of the Britifli coal-mines, if it ex- 
ifta in any of them ; the theory adopted by our author, of 
granite forming the foundation in every inftance, and gene- 
rally with a breccia or femiprotolite upon it, is difproved in 
innumetable inftanees by Mr. Smith's maps and fcdions, 
/hewing the adtual fucceflion of ftrata throughout the 
country. 

Wc arc of opinion with M. Blumenbacb (Hanbuch der 
Natur. Gefch 703), that molt, if not all, of the vegetable 
foflil remains arc incognita , and cannot be identified with any 
recent or known plants of the prefent race (§ 12° and 30°), 
The recent determinations of M. Cuvier declaring moil of the 
offeous remains from the ftrata, hitherto difeovered, to be 
incognita , will probably, we think, when the proper di It mo- 
tion is made between the regular llratA foflils^and thofe 
which ought, according to our remark under the article 
Coal, to be confidertd as gravel, as recent t or as peat foifils, 
be much further extended, perhaps fo far as to include every 
animal remain which is found a&tiaily lodged in the ftrata ; 
the diftindion, therefore, between river fhells and land fnaila 
as accompaniments of coal, nearly to the exclufion of feet 
/hells or marine remains, we conuder a mere hypothefis, as 
we /hall take future opportunities of (hewing. 

It is not univerfally true, as mentioned f 1 6°, that fl\ps % 
dykes , See. never fail to elevate or deprefs the ftrata, or to 
occafion an inequality in their levels 3 (fee our defeription of 
dykes in the article Coal); the inftanees being numerous 
both in the coal meafures and other ftrata, where a fiflure of 
confiderable width makes no fenliblc alteration in thecontinuity 
of the planes of the ruptured ftrata. The alterations of 
level which fiffures occafion, are alfo much greater in Burner- 



COLLIERY 

0\'g inftaf'cm* than our author admits; belldes thofe mention* 
<d, (Coal), we might date on the authority of Mr. Martin, 
that down -caft a of 40 to 1 00 fathoms are not uncommon 
in the (I rata of what he denominates the Mineral Bafon of 
South Wales. (Phil. Trans. 1806. p. .34a). That the dif- 
locatrons of the ftrata (J ij°) have been gentle and gradual, 
(GeoL Eflays, 333), we cannot fuppofe, much Itfs that 
the extraneous matters which fill the fiflures (§ 18 0 ) were of 
rior origin to the ftrata thcmfelves, and occasioned the over- 
arging or hailing of the fiflurec, as our author has fuppofed, 
|>^ge 334. We have rrafon to hope, that thefe and levcral 
other htthti to, unexplained phenomena of the ftrata, will 
be fully made out by the new lights which we (hall be 
enabled to throw on the fubjeft, arifing out of the difcovc- 
ries of Mr. Smith, above alluded to. 

That fome rare inftances have occurred of the ft rata un- 
derneath, dipping in a contrary direction to thofe near the 
furface, § 19, mull be admitted, and of wh’ch the Somerfet- 
(hire coal-mines deferibrd in the Philofophical Tranfa&ions, 
N°. 360 and 391, by Mr. John Straccy, feem an initunce ; 
but in general it will be found, that the plane of the ftrata 
beneath, confoims to any regular plane which is to be found 
on the, furface, either of a hill or vale, excepting only in the 
firlt c;»fe, inftances where a perfc&iy Itraight and Iroooth frac- 
ture of the ftrata has happened, and, in the latter cafe, where 
iUgnant water has in times long polleriorto the formation of 
the ftrata, made depofits of mid, &c. in regular horizontal 
layers, or nearly fo. This circumftance is of the utmoft 
conftqutnce to be attended to in tracing the ftrata of a 
country, us alfo to note carefully the diftin£lion between 
thefe original planes or facettes of a hill, and the curious 
curving furfaces occafioncd by the ending of ftrata, or the 
lefs regular curving of the furfact, occafioned by the fradlure 
(generally oblique or hading) and fubfequent abrafion or 
rounding of the top and edges of the ftrata by the action of 
moll violent currents of water. The circumftance men* 
t-ioned by our author, of the ftrata dipping into a hill, if 
obfervable at the endinga of moll of the ftrata, and on the 
ruptured fide of a large portion of hills and mountains, 
where the break or fiflure occafionmg the hill was in the 
run or courfe of the ftrata, as it lies at prefent, which, ac- 
cording to the observations of Charpertier, p. 80, is very 
generally the cafe ; but where the prefent dip is in the direc- 
tion of the fiflu e, or is inclined in any acute angle thereto, 
the ftrata will crofs the life of the hill, direct or obliquely as 
the cafe may be. 

The probability will be fhewn hereafter, that fome of the 
difturbances, or ruptures in the ftrata, have been confined to 
a certain number of the upper ftrata, without affe&ing thofe 
below, and hence regular ftrata may fometimes be found, 
under thofe which are broken and uneven, as mentioned in 
this fe&iou ; and the Somerfetfhire coal ftrata above men- 
tioned may perhaps thus be accounted for. We have never 
been able to difeover any thing, in the upper or under furface 
of a feam of coal, which demonftrates its having originally 
been foft, as mentioned § 21 0 ; the gliftening appearance of 
the furface in fome partings, (hews only the great regularity 
and truth of the planes or lamina, in which the ftrata were 
at firft depoftted. The polilhed or rather rubbed furfaces of 
the (lips or dykes in coal’ mines, and indeed in the ftrata gene- 
rally, is a circumftance which feems moil furprifingly to have 
been overlooked by writers on this fubjed. Mr. Kirwan 
only gives it the curfory notice contained in § 2 1°. This 
rubbing fee ms to have arifen from violent mechanical pref- 
fure, and motion to and fro againft each other, and this feems 
not confined to Allures or joints, where tbe ftrata are lower 
on one fide than on the s other, fo as to be explicable, as 
the cJfeAof the flip, or mere finking down of one part, when 
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in clofe contaft with the other ; but this apparent wear in 
the furfaces, of even the fmalkr fiflures Js as obfervable in 
marl and chalk pits, and all tolerably foft ftrata, where no 
alteration of the level of the ftrata has taken place, as where 
fuch deprefiion of one fide of the ti fiure is vifible. See 
Philofophical Magazine, vol. xxv. p. 45 and 46, and vol. 
xxviii. p. 120. See alfo Elevation of Strata. The fa&a 
and observations of Mr. Kirwan on coal, in fcjflionf 
25 0 above, agree with our remarks under the Irtjcie Co'al, 
on the untqual and apparently accidental diffusion of the 
wood-like fubltances which have formed the ftrata, or rather 
accumulations of wood-coal. That flips or dykes have never 
been obfrrved in wood-coal mines, (§ can only, we think, 

have arifen, from the limited extent of thefe accumulations 

in the ftrata, at lcaft of fuch as are worked ; while the ex- 
cavations in the planes of the ftrata, as well as vertically in 
(hafts, have been incomparably greater in the proper coal 
didridls, than in any other, and therefore it is, that the 
dykes &c. have there been bell alcertained ; and from coal- 
working it has been, that almolt all our knowledge of the 
ftrata has been derived ; they were the objects which firlt 
awakened . Mr. Smith's attention to the ftibjett of the 
ftratihcatioi , and by obfervaiions in the next molt extenfive 
field for thefe obfervations, viz. the cutting of navigable 
canals, he w as enabled to gencra’ize and extend the import- 
ant fads, at prefent fo little known, but to coal miners, 
within their own particular diftrid. 

Genuine coal is now very feldom worked at its out-crop, 
as before obferved, owing to the fuperior quality of the 
fame feam, when deeper covered ; but wood coal is generally 
worked lo near to the furface, as to be opened at top, or 
uncal lowed, inllead of being mined for; it ts no wonder 
therefore that gravel has been obferved iu contad with it as 
obferved § 2; 

Perhaps the fpecimcn mentioned $ 28°, did not contain 
genuine coal in its cells; we conjecture this, from having 
iten fpccimcns of a rrddifii foft iand-ftone, which Mr. 
Fluey brought laft fummer from the foot of the cliff on the 
fen beach, about two miles eaftof Mailings iu Suflex, from 
the vicin ty of a cottage called the Grovers, which contain- 
ed fo many detached pieces of bitumeni/ed wood, that were 
an augre-hole to be 'bored ihto it, and fupplied with water, 
&c. fomething like the appearance of penetrating a coal vein, 
might be h*d in the borings ; and it is this ftratum, dipping 
under Bexhill, fituate about 6 { miles to the weft ward, which 
in the opinion of Mr. F. has been there miilaktn in the bor- 
ings for a fca«\ of coals, but which the improved boring 
apparatus of Mr. Ryan, mentioned under Co*l, would have 
dete&ed, and faved, perhaps, a molt unparalidlcd walls of 
money, in the meafurcs now purfuing. 

The remark in J 29°, that genuine coal ia feldom found 
in plains, is by no means true 3 the cpal-ftrata about Bed- 
worth in Warwickihirc, Whibfey Slack near Bradford ia 
Yorkfhire, and numerous other places whjch we could men- 
tion. form extenfive plains 5 a contrary remark to the above* 
would perhaps be much nearer to the truth. 

It will readily be gathered, from our remarks on § 12°, 
that we have our doubts, on the diftin&ions between 
reliniferous and non-refiniferous plants, land and marine 
vegetables, and river and fea fliells, as accompaniments of 
coal, § 30 and 31, and that we incline to the opinion, that 
further learches will clafs all or moft of them among the 
incognita of a prior; date of aquatic exiftence. 

Imprefiionsfrombtlowtheftrataf 33, especially from elaftic 
fluids, mud have formed conic elevations or craters in mak- 
ing their efcape,and could not have produced that univerfal 
breaking of the ftrata which we find ; which is indeed fo 
univerfal* that a Angle acre of the furface can fcarcely be 
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fcund without one, and fometimes numerous fiffures through 
it, although the original plane of the ftrata is Hill maintained 
by its fragments, fa&s which had a material influence on 
the writer's reafonings upon this fubjeft, which we have 
hinted at above. The feven following fe&ions being dated* 
at conftqucnces of Mr. ltirwan’s particular tenets, which 
we (halt mention prefentlyy on the origin of coal, we (hail 
pafs them without comment for the prefent, and proceed to 
date the principal among the various opinions which have 
been given, on the origin of the invaluable fubftance, which 
is the lubjeft of our prefent inquiry. In dating the opinions 
which have been held as to the origin of coal, we (hall begin 
with that of Arduino and fome others, who have fup- 
pofed coal to originate from the fat and un&uofity of the 
numerous tribes of animals which have peopled the ocean ; 
which matter being accumulated on the bottom of the fea, 
became covered by various drata, in confequencc of the dif- 
ferent changes which the furface of the earth and bottom of 
the fias have undergone. The mod obvious obje&ions to 
this hypothefis arife, from the total diflimilarity of coat to 
animal fat, and the levity of the latter compared with water, 
which fhould have occafioncd it rather to rife to the top of 
the water and float, than to difpofe itfelf in fuch extremely 
regular beds at the bottom, a s to form drata of coal. The 
exi Hence of a few (hells in or. near to coal, in fome places, 
which refemble fome of the recent fea (hells, we conceive to 
be as far from proving it to be of marine origin (as contended 
by the author of this hypothefis) a< the fuppofed rcfcmblance 
of ferns, reeds, rufhes, See. and land and river (hells, with 
the abfence of bones of fifK and fea fait in other places, 
proves it to be of land origin, § .30 and 3 1 of Mr. Kirwan’s 
obfervationsf above, and Geol. EfT. 323. 

The next opinion which we (hall mention is that of M. 
Genfanne and others, who, from the fpecific gravity and hard- 
nefa of fome kind of coal, and its large quantity of bitumi- 
mou8 matter, have concluded pit-coal to be a peculiar earth 
of the argillaceous genus, penetrated and impregnated with 
petroleum. To this opinion Mr. Kirwan oppofes the re- 
mark in the 22° § above, and adds, that fome known fpecies 
of coal, that of Kilkenny for inftance, contain no petrol or 
other bitumen in their compofition, and are thence called 
natural carbon. See Mr. Kirwan*s Mineralogy li. 49. 

M. Tingry, Dr. Darwin, and others, have imagined, that 
heat gcuerated by the fermentation of immenfe beds of vege- 
table matters, have diftillcd or feparated there from the oils, 
naphtha, afphaltum, fyc. which condenfed between the ftrata, 
and have formed Teams of coal, and bituminous fchifts. On 
thitffanciful theory it can fcarcely be ncccffary to commept* 

Dr. Hutton imagines coal to be formed by the flow 
depofitions of oily and bituminous matters at the bottom of 
the fea, which matters he fuppofes to have originated in the 
diflolution of the various animal and vegetable bodies, which 
are continually perifhingon the furface of the earth, and in 
the waters of the ocean. The fuliginous matter which is 
feparated during the edmbuftion of various bodies on the 
furface of the earth, he fuppofes, i* # wa(hed off the furfaces 
on which it falls by the rain, and, being thus made to flow 
into the rivers, is carried off by them into the fea 5 where it 
alfo adds, by its demolition, to the mafs which is accumulat- 
ing at its bottom. Another fource whence he fuppofes this 
matter to be derived, is the water draining from peat moffes, 
which, according to his ideas, is charged with bituminous 
matter, vet y much refembling foffll coal, when precipitated. 
The depofitions of thefe matters in the fea are fuppofed by 
the Dodor to be fo regular, as to produce ftrata, which, 
becoming covered by a a immenfe weight of fu perineum bent 
earth, mult thereby become exceedingly comprcffed and 
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condenfed, and finally confolidated, by the powerful influ* 
ence of fubterranean heat \ and ultimately, by theprogref- 
five change of fea into dry land, thefe become Teams of coal, 
fuch as we now find in the bowels of the earth, Granting 
that oily and bituminous matters are thus conveyed. by the 
rivers into the fea, but which Mr. Kirwan has (hewn does 
not take place, there is a manifeft abfurdity in fuppofing 
thefe matters to (ink to the bottom of the water ; while it is 
fcarcely poflible to conceive, that diftind beds or ftrata of 
coal and earth, efpecially fuch regular and extended ones as 
we find of them, can be formed by depofition in an ocean 
conftituted as our prefent one is. The operation of heat 
upon thefe coal ftrata has been (hewn by Mr. Kirwan and 
others, to be inconfiftent with all the circumftances attend- 
ing them. It is true that fir James Hall (Tranfadions of 
the Royal Society of Edinburgh, vol. vii.) has endeavoured 
to remove the force of thefe obje&ions, by (hewing, in the 
detail of his chemical experiments, and by the fpecimena 
prefented to the Britifh Mufeum in June 1806, that wood, 
or even horn, may be converted to a fubftance refcmbling 
coal, by the a&ion of an intenfe heat applied under a very 
immenfe prefiure. Valuable and fatisfa&ory as we think fir 
James’s experiments to be, in proving the pofiibility of car- 
bonat of lime being fufed without decompofition, and of 
vegetable and animal fubftances being melted or reduced to 
a coal -like fubftance, under the heat and confinement, as well 
as preffurc which he applied, yet we think, the difficulty of 
Dr. Hutton and other Plutonifts to be dill nearly as great 
as ever in (hewing, that fuch a degree of heat ever has exifted 
in ftrata, not obvioufly volcanic ; certainly, lava, however 
hot we may admit it to have beCn, could never by its mere 
protrufioo under beds of fea-ftiells, as fir James Hall endea- 
vours to explain, in his imaginary fc&ion of a volcanic 
mountain and adjoining fea, (jig. 41. in the Tranfaftions,) 
have heated their whole mafs, in the degree which his own 
experiments have (hewp to be ncccffary for the formation of 
lime-ftone ; nor is it conceivable, that the fuppofed fuperin- 
cumbcnt ftrata, much lefs any depth of water, could have fo 
effe&ually retained the carbonic gas, as he himfelf has (hewn 
to be neceffary, to form lime-ftone or marble out of (hells or 
chalk ; or the other gaffes, fo as to effc& the converfion of 
wood and vegetables into pit coal. 

The ingenious Mr. Kirwan fuppofes, that a large clafs of 
primeval rocks and mountains, containing carbon and petrol 
in their compofition, have been either totally deftroyed, or 
their heights and bulk confidently leffened by difintegra- 
tion and decompofition ; and that by the equable diffufion 
of the difintegraied particles, fucceflively earned down by the 
gentle tnckling of the numerous rills that flowed from thofa 
mountains, the Teams of coal and their attendant ftrata were 
formed, in lakes at their feet, we fuppofe, but this circum* 
(lance it is difficult to gather from Mr. K’s account ; ac- 
cording to which, the decompofed feltfpar and horn- 
blende formed clay, the particles of bitumen were fet 
free, and thefe, when united* funk through the moift 
pulpy, incoherent, argillaceous maffes, and formed the 
learns of coal beneath them* Mr. Parkinfon (Organic Re* 
mains I. 248.) has commented on the abfurdity of fuch t 
light fubftance as bitumen, being fuppofed to defeend 
through a pulp of argillaceous matters, and depofit itfelf in 
« ftratum below it* 

The next hypothefis which we have to mention* 
and which has numerous adherents, aferibes the forma- 
tion of coal to forefts of antediluvian trees, and to peat 
bogs, and other vegetable produ&ions of the dry land of 
that period, buried during the fuppofed violences of the 
Mofaic deluge, under the ftrata which are found covering 
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them 5 n the ftate of coal at this day# This hypothefis we 
ftall examine, and ftate fomc of the ©bjeftions.to which it 
feems liable } and firft, they are mine* of wood-coal, de- 
fcribed in f s. 23° to 29 0 above, which alone have the appear* 
ance of being formed by depofitions of floating wood and 
other matters, in the irregularity of their extent, and the va* 
riable thicknefa of the feam, circumftances extremely rare 
in regular coal-feams, or in the matters alternating with 
them* Some, we are aware, have contended, that this uni- 
formity in the thickncfs of regular coal feams has Arifcn, from 
the mafs of depofited wood and vegetables having, fincc 
they were covered by the fuperincumbent (Irata, been liqui- 
fied, or nearly fo, by fome procefs, the exaft nature of which 
has never been agreed upon by the advocates of this hypothe- 
fie, and that in this foft ftate (§21° above) they were 
prettied into an uniform feam, or continued ftratum. An ob- 
vious objeftion to this explanation, of the uniformity ob- 
ferved in the thicknefs of a real coal-feam arifes from the 
fadfc, that all coal-feams prefent thtmfelves at the furface in 
the endings of the ftrata, and frequently alfo in the 
fides of hills, occafioned by dittocations of the ft r ata 
($s. 19° and 41°) ; and here it will be difficult, if not 
impoflible, to conceive, how the coal, when in a foft 
ftate, was prevented from fqueezing out by the weigh* 
of the fuperincumbent ftrata, and forming mattes of 
that fubftance at the furfacJ, of which no traces are obferv- 
ablc ; for, the diffufion of the withered coal or fmut, below 
the out-crop of coal feams ($41) has no fuch appearance, 
but in all its circumftances agrees, with the withered remains 
or rubble of other ftrata at their outcrop. We incline to the 
opinion, that real wood, or other recent vegetable fubftances, 
have never been found in the coal feams, or in their accom- 
panying meafures or ftrata : a large portion of the bitumenized 
vegetable impreffions there found certainly bear no refem* 
blance to known woods, or plants of the prefent race ; while 
moft, if not all of fuch remains, that have been denomi- 
nated after recent plants, have been fo named without that 
care which a botanift would exercife, in clafliug or naming a 
new recent plant which was prefented to him for examina- 
tion. Hence the fuppofed refemblance to land plants, rather 
than to aquatic plants in thefe curious remains, has, as we 
conceive, arifen. Our next objc&ion to the above hypo- 
thefis is founded, on the improbability of the accumulation 
of fuch immenfe quantities of trees and vegetable matter in 
the antediluvian world, in lefts than 17 centuries, when more 
than 42 centuries fiuce have accumulated fo little : if they 
had remained on the furface of the dry land and not decay- 
ed, a very large portion pf the earth mull have been thereby 
incumbered and rendered unftt for the habitation and ufe of 
men or animals ; it is highly improbable, that they were 
progreffively removed from the dry land to the Antediluvian 
fea, and there preferred until the deluge. The probable 
quantity of growing trees and vegetables cxifting at the 
commencement of tne Mofaic deluge, feems quite infuffi- 
cient to account for even the Britifh coal ftrata, when it is 
confidercd how much the bulk or mafs of the vegetable mat- 
ter has, in all probability, hem reduced, by its convetfion 
into real coal : and this laft fuppofition is alfo denied us, 
by the Mofaic account of this event, from which (Genefis, 
vi. 7. 17. 1 9. 20 5 vii. 2, 3, 4. 8, 9. 14. 2 I, 22, 23 ; viii. 
II. 17. 195 ix. 3 * 20.) we gather, that the exifting trees 
and vegetables (as well as fifti) were not dtftroyed by the 
deluge (See Deluge.) Some writers on the formation 
of coal have fpoken of it, as the remains of vegetable 
matters, cither growing in, or that were depofited in the 
fea, in very diftant periods, and which have been immured 
under layers of carth| See. by certain convulfions and de» 
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luges (whether the Mofaic or others, fome of them have not 
explained) which have fince occurred: infuperable difficult 
ties will, we apprehend, be found to attend any hypothefis, 
which fuppofes the burial of the matters compofing coal, 
at any period fince the earth has been divided into lea and 
dryland as at prefent, let the origin of thofe matters be fup- 
pofed whatever they may. 

The writer of this article begs leave to ftate another opi- 
nion, which the recent dilcoverits of Mr. Smith and himlclf 
feem to render, in his judgment, moft probable, on the ori- 
gin of mineral coal. This writer has feveral times taken 
occafion to mention the probability, that the furface of* the 
earth, and as far below it as concerns us at prefent to con- 
fider, originally confided of parallel laminae ot different mat- 
ters, not concentric to the earth, but inclined, or dipping 
towards the call, and ending towards the weft $ each Suc- 
ceeding lamina, in afeendiug the feries, being generally 
fhorter towards the weft than the call, in the fame 
manner as the very minute laminae of cryftals arc now 
admitted to be, and thereby to form the Hope, or inclina- 
tion of the cryftalline furface ; but with thefe d>ftcrence», 
that the laminae of the earth, or the different ftrata were dif* 
pofed to form indented or fingered endings, inlltrad of the 
ftraight lineB fo generally afluoifd in cr)ftals of a fmall 
fize, and that the ttrreftrial laminae are of very unequal 
thickoefles. Various circun ftmccs, befides the immenfe 
mattes of Unbroken fhclls and other matters nearly fimilar to 
the fea (hells, corals and other marine produ&ions of the 
prefent time, (hew thefe ftrata to have been depofited under 
quiefeent and probably very deep water, anfwering, as he 
conceives, to the ftate of the earth as deferibed by 
the facred hiftorian, prior to the ninth verfc of the 
firft chapter of Genefis, or in the two fiift grand pe- 
riods metaphorically cal'ed days, after which God Uid 
11 Let the waters under the heavens be gathered to- 

S fther into one place; and let the dry land appear.” 

bundant evidence will, as he apprehends, be fumiftied by 
an examination of the various organic remains lodged in or 
between the ftrata, that the -animals, at lead thofe of the tef- 
tftceous, cruftaceous, and zoophytic kinds, whofe remains 
they are, lived in the particular places where cacb^iy now 
found, at the time that the ftrata, on or in which they are 
lodged, formed the bottom of the universal ocean above-men- 
tioned ; each newly depofited ftratum being a proper 
nidus for the produ&ion, and probably a pabulum for 
the nouriftirocnt of the animais peculiar to it, and which ap- 
parently in moft rtiftances ccafed to exift, when new matter 
in procefs of time began to be precipitated, for the produc- 
tion of a new ftratum upon the former one, which, alio, in 
turn had its own peculiar animals, as their remains in fuch 
numerous inftances teftify. 

The opinions of that able naturalift, M. Cuvier, in his 
recent teport to the national inftitute of France on the tran* 
factions of that learned body in 1 806, are in favour of the 
animal incognita of the ftrata, having lived where their 
bones are now found : and from an examination of the ac- 
counts from more than 606 places, where bones rtfembling 
thofe of elephants and rhinocerofes have been dug up, be* 
longing principally to the clafs of gravel foffils , we believe, 
this able anatomift is of opinion, that all thefe differ efTentially 
from the recent animals of thefe kinds and are of fpeciea 
now quite extin&. 

Apparently, after long periods of fucccffivc depofition 
and animal exiftence, fuch ceafed for a time altogether, or 
nearly; and the ftrata produced ah immenfe variety and 
quantity of vegetables, moft of them quite unlike the ve- 
getable tribes of the prefent race; toe immenfe forefts 
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of weeds which have b?en difcovered at the bottom of the 
prefent ocean, in fome places, probably bear no proportion 
to the tliicknrfs and magnitudes of many of thefe vegetable 
productions of the primitive or univerf.il ocean, as fome of 
them probably exceeded our trees in iize; their arhorifer- 
ous trunks, fo clolely imitating wood, as not hitherto to 
have been dillinguilhrd thcrefiom; but the greater part of 
the vegetables appeartohave been of a fmall fixe, efpccially on 
llrata, which feem to have been depofiting fo fait as to have 
immured them finely, as is often the cafe with the bitumin- 
ous or coal (hales mentioned under Coal, of which the 
moll beautiful, various, and minute fpccimens, might be ob- 
tained m many coal workings. The fucctflive depolitions 
in thefe vegetable, or carboniferous foils, appear to have 
differed, as we have dated tli.de of the animal,' or epizootic, 
to do, in their litnefs for producing different kinds, and a limi« 
lar appearance and difappearancc of different vegetable re- 
mains will be obferved, in examining a feries of coal mea- 
fures.of lliata, upwaids or downwards; and, often,, ftrata 
will be found intervening inch, which contain no vegetable 
imprtliions, but in fome rare indanecs, thofe of animals 
will therein be found, which obfervations, of too limited 
an extent, as we fufpeft, have denominated land and river 
exuvia, § 1 1 ° and ,50° above. 

It is to beds of lub-aqutous vegetables, fuch as have been 
mentioned above, uniformly and thickly covering large ex- 
tendons of the planes of ftrata, if not their whole extent, that 
the writer of this article can alone look, in his y.ew of the 
fubjeft, for the true origin of vegetable coal ; and ac- 
cusing, perhaps, to the nature of thefe vegetables, as well 
as to tiie kind or quantity of the mineral depolits, made 
during their growth, will the quality of different feams of 
coal be found to vary, while their different thicknefTes has 
depended, on the quantity of vegetable matter accumulat- 
ed, either dead, as in our peat bogs, or then a&ually grow- 
ing, when a depoiition began to happen, either fo copious 
or different, as to put a 1 pcriod to their growth, and ulti- 
mately to immure thtm. That vegetable impreflions are 
rarely found in the fubftance of a coal-feam, as remarked by 
Mr. Kirwan in thepaffage (§ 12°) above quoted, may, 
we think, be perfectly accounted for, when the peculiar kind 
of cryftallization, which all good mineral coals feem to have 
undergone, is taken into confideration ; a change which 
Teems to have effc&ually deftroyed .the organization of the 
lants compofing the coal, but without a liquefaction having 
appened, as in fome ftony cryftallizations, which have of 


late years been noticed by mineralogifts. 

Mr. Parkinfon endeavours to account for this change, 
which vegetable matters undergo in palling into coil (Or- 
ganic Remains, p. 2jj.) by aprocefs which he calls iitu- 
rnmtt Fermentation, which fee. According to the obfer- 
vations of this gentleman, foflil coal has alfo, in this change, 
had numerous fepta, or thin fibres of uninflammable matter, 
interpofed between the particles of pure bituminous matter, 
of which it principally confide, which haa modified its in- 
flammability in the degree which renders pit coal fo well fit- 
ted for the purpofes to which it is applied. In the fpecimens 
which Mr. P. examined, the inclofed particles of bitumen 
were in form of rhomboids, or parallelepiped*, and the 
feparating pellicles, or fepta, were formed of fulphate of lime, 
containing a fmall portion of alumine, and fometimes of ful- 
phuret of iron alfo. Organ. Rem. a6y. 

The newopinions which we have ventured to prefent, if fuch 
they are, relating to the origin and formation of coal, in that 
and the prefent article, will, as we trull, be candidly received 
by our readers, and ftibmittted to that fovereign tell, an un- 
prejudiced companion with the phenomena, by which it is 
our fincere wilh that they Ihould either Rand or fall, as it is 
alfo of thege ntlemen above alluded to, through whofe valuable 
labours and communications, we were enabled to give them. 

The moll temarkable colliery, or coal-work, that we 
have ever had in this ifland, was that wrought at Burrow. 
Ibnencfs, under the fta. The veins of coai were found to 
continue tinder the bed of the fea in this place, and the 
colliers had the courage to work the vein mr half way 
ow ; there being a not: half a mile from the fhore, where 
was an entry that went down into the coal-pit, under 
the fea. This was made into a kind of round key, or 
mote, as they call it, built fo as to keep out the fea, which 
flowed there twelve feet. Here the coals were laid, and a 
fliip of that draught of water, could lay her fide to the 
mote, and take in the coal. 

This famous colliery belonged to the earl of Kinkardin's 
family. The frclli water which fprung from the bottom 
and tides of the coal pit, was always drawn out upon the 
fhore by an engine moved by water, that drew it forty fa- 
thom, This coal pit continued to be wrought many yturs 
to the great profit of the owners, and the wonder of all 
that faw it ; but, at lad, an unexpe&ed high tide drowned 
the whole at once, and the labourers had not time to efcapc, 
but perilhed in it. Phil. Tranf. No. yfi. 



Colour 


COLOUR, or Ceuta, from the Latin, color, in Philo • 
Jophy, meant that property of bodies which affe&s the fight 
only ; thua the graft in the fieldt hat a green colour, blood 
has a red colour, the Iky generally appears of a blue colour, 


and fo forth ; nor can thofe colours be diltmguilhed by 
any of our bther fenfes, befides the fight. The variety of 
colours, at they are prcfcnted t* ua by the fubftances that 
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furrmind us, l • Immenfe, and from them arifcs the admirable 
beauty of the works of nature in the animal, in the ve- 
getable, and in the mineral kingdom, or, more properly 
fpeaking, in the univerfe. The feience, which examines and 
explains the various properties of the colours of light and of 
natural bodies, and which forms a principal branch of op. 
tics, has been properly denominated chromatics t from the 
Greek word, which fignifies colour . We (hall, how- 

ever, (late this theory in the prefent article, as being much 
more obvioufly recurred to by thofe perfons who wifli to be 
informed on the fubjedt. A diftindl idea of what is meant 
by the word light > may be cafily formed by its contrail with 
darknefs, which is a privation of light. With our eyes 
(hut we have darknefs ; if we open our eyes, whatever we 
perceive through them is occafioned by the agency of 
fight, and the various colours of bodies are parts of that 
light.— It has fometimes been pretended by certain ignorant 
erfons, that they could diltinguifli colours by the touch ; 
ut the teftimony of divers intelligent perfons, who have 
had the misfortune of being blind, m confequence of which 
their touch has, from necefiity , become very exquifite, has con- 
flantly contradi&ed thofe vain affert ions. Befides,it will appear 
from the following theory of colours, that to diferiminate co- 
lours by the touch is utterly impra&icable. There arc indeed 
certain pigments of common ufe in painting, which, either 
from their roughnefs, fmoothnefs, undtuofity, or other qua- 
lity, may affedl the touch, and with a little pra&ice a perfon 
may learn to dilliuguifh the feel of Vermillion which looks 
red from that of fap-green, which looks green, and fo forth ; 
but this is not the art of diftinguifhing colours by the 
touch. It i3 only the art of diftinguifhing certain peculiari- 
ties of furface. In fadl if two pigments exadlly of the fame 
texture (and feveral fuch there are) but of di fie rent colour, 
be prefented to the fingers of a man with his eyes (hut, he 
will pronounce them to be exadlly of the fame colour. 

The queftions which naturally occur to the human mind 
in the contemplation of colours, are, whence do they derive 
their origin ? — Arc they produced by the coloured bodies 
themfelves, or by fomething external ? — Do they move from 
the coloured bodies to Aur eyes, and ilrike upon them, or 
enter them ; or are they owing to fome medium interpofed 
between the various bodies of the univerfe ? — Are they ma- 
terial or not ? 

The ideas entertained by the ancients concerning the na- 
ture of colours, were moftly wild and abfurd; nor has the 
prefent theory, imperfeft as it is, been formed without an 
innumerable variety of experiments, obftrvations, and the 
concurring invert igations of a great many ingenious perfons. 
The followers of Pythagoras called colour the fuperficies of 
bodies 5 Plato conlidered it as a flame iffuing from them ; 
Zeno called it the firft configuration of matter ; and Ariftotle 
faid it was that which rendered bodies a&ually tranfparent. 
We need not add a formal refutation of thofe extravagant 
ideas, which were the mere offspring of the imagination, un- 
fupported by experience and by reafon. The philofophcrs 
of thofe times paid little or no regard to experiments ; hence- 
they made no difeoverie^ or improvements worthy of being 
recorded. A long and unprofitable period of nearly 2000 
years elapfed, from the commencement of philofophical ftu- 
dies in Greece, until about the time of Deicartes, when the 
revival of learniug in Europe renewed with additional vigour 
the enquiries concerning the nature of light and colours# 
And it is curious to ohferve by what fmall ileps, and what 
circuitous wavs, any ufeful difeoveries were made. See 
PriefUey’s hiftory of viiion, light, and colours. Defcartes 
con fide red colour as a modification of light, and he attri- 
buted the difference of colour to the prevalence of the 
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dire& or rotatory dire&ion of light. Grimaldi, Dechalea, 
and others, fuppofed that a certain elaftic medium of apecu- 
liar kind filled the univerfe, and that the differences of colour 
depended upon the quick or (low vibrations of that medium. 
Rohault imagined that the different colours were produced 
by the rays of light entering the eye at different angle* 
with refped to the optic axis. And Dr. Hook imagined 
that colour is caufed by the fenfatiou of the oblique or un- 
even pulfe of light ; which being capable of no more than 
two varieties, he concluded there could be no more than 
two primary colours. Such were the ideas of philofophcra 
refpedting the nature of colours, when Sir Ifaac Newton be- 
gan to examine the fuhjeft in his cautious experimental 
manner, by which means, about the year 1666, he difeovered 
the foundation of a theory of colours, which lias been juftly 
adopted and admired by his contemporaries, as well as by 
the prefent fuccecding generation — Rays of light iffuing 
fiom a luminous objedt, proceed in ilraight lines as long as 
they pafs through a uniform medium. If t !> ey meet with a 
tranfparent medium of different deufity, thty will alfo pro- 
ceed through it in ilraight lines, provided they enter that 
medium in a direction perpendicular to its furface, otherwife 
they are caufed to bend thtir 4 courfc, fo that beyond the 
abovementioned furface they proceed in Ilraight lines alfo ; 
but thefe itraight lines form a certain angle with the flraight 
lines of their diredtion before they entertd the lart medium. 
The bending of the rays is called the rejraBion of light, 
and the angle that has been juft mentioned is called the angle 
of refradtion. Sec Refraction. Newton, having pie- 
fented a glafs prifm, or kind of w'cdgc, to the light of the 
fun, which entered a dark room th ough a fmall hole, found 
not only that the rays were bent from their courfe, viz . re- 
fradled, but he hkewife observed that the in. age of the fun was 
thereby confiderably elongated; and this elongated image in* 
Head of appearing of a uniform bright white light, waa rcfolvcd 
into a ftnes of colours, which exadlly refcmblcd the colour* 
of the rainbow. This elongation of the folar image thus 
formed, is called the difperlion of light. Thtfe colour* 
pafs from one to the other by very fmall, and altogether 
imperceptible gradations ; fo that it is impoffible to fay 
where one begins an^ the next ends. Various methods 
have been tried for the purpofe of rendering the colours 
of this prifinatic fpe&rum more limited and diftindl; none, 
however, has been attended with complete effect. The fol- 
lowing feems to be the beft method. Let the light of the fun 
pafs through a hole of about one-tenth of an inch in diameter, 
into a dark room. Place a fereen at a little distance from 
the hole (for inllancc fix or feven inches) within the room, 
and let the middlemoft part of the light pafs through a limi- 
lar hole in the fereen j the objedl of which is to prevent, in 
great meafurc, the fcattered lignt or penumbra, on the Ikies of 
the fpedtrum. Let the light then fail perpendicularly upon 
a convex lens; at the diftance of about 10 feet, by 
which means a defined image of the fun will be formtd 
upon a ferern placed at the focal diftance of the 
lens. Now, if a prifm be placed dole to the lens, fo that 
the light, after having palled through the lens, may pafs 
through, .and be refracted by, the prifm ; then a coioutcd 
fpedrum wi.l be formed upon the fereen. The long (ides of 
this fpeftrum are very well defined ; but its narrow termina- 
tions are femicircular, and its whole length conlifts of circu- 
lar coloured images of the fun intermixed with each other, 
efpecially about the middle or axis of the fpedrum ; yet the 
moil predominant colours are more diftmguiftiable from each 
other, efpecially towards the fides of the fpe&rum, fo that 
their boundaries may be marked with tolerable accuracy. 
The glafs prifm fit for this experiment mud be well formed 0 
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and free from veins, Scratches, bubbles, &c. Tbofe principal 
colours are (even in number, viz* red, orange, yellow, green, 
blue, mdigov and violet. They do not occupy equal spaces 
in the fpe&rum ; but for t|ie proportion of their breadths, 
and likewife for a more accurate defeription of the prifmatic 
experiments on light, fee the article Refraction. 

The above described experiment with the glafs prifm 
gave fir Ifasc Newton reafon to conclude that the white 
fight of the fun confided of fevtn colours, which had 
different powers of being refraded, fo that the red rays 
were refra&ed lefs, the orange a liule more, the yellow (till 
more, and fo on ; hence the image of the fun was converted 
into an oblong variegated fpedtrum. In confirmation of 
this theory Newton inftituted a variety ,of other experiments, 
which were attended with remarkable rcfults, and the prin. 
cipal of them are as follows : 

If the light which kas been refra&ed and difperfed by a 
prifm, be received again upon another prifm which mull be 
fhuated in a dire&ion perpendicular to that of the former $ 
the fpedtrum will by that means be removed v from its origi- 
nal fituation into a lateral one ; but its breadth and its colours 
will remain unaltered. Now if the elongation of the beam 
©f white folar light, and its refolution into different colours, 
were a modification of light produced by the prifm only ; 
then the fecond prifm ought to expand the fpedlrum in 
breadth, fo as to form a quadrilateral figure of equal Tides ; 
but inflcad of that wc find that the colours and their breadths 
fema : n unaltered. 

If the refradlcd and difperfed beam of folar light, be re- 
ceived upon a concave refle&or, the different coloured rays 
will be refle&ed to a focus, where they will form a white or 
colourlefs image of the fun. But if any of the colours be 
flopped by the interpofition of a wire, or other (lender and 
opaque body between the prifm and the refleftor, then the 
image will become coloured with fome mixture of colours. 
This proves that white light confilts of coloured rays, inter- 
mixed in a certain proportion, and that by a mixture of the 
rays of the feven primary colours in that due proportion, 
white light is produced. Therefore, white ariies from a 
certain mixture of colours, and blacknefs arifes from a Hop- 
page or abforption of all colours. This property of light 
and colours, may be familiarly illuftrated by the following 
experiment : Divide the flat furface of a wheel, or the 
upper flat furface of a top, fuch as boys ufe, by means of 
lines going from the centre to the circumference, into feven 
parts, having the fame proportion that the breadths of the 
colours have in the prifmatic fpe&rum, and let thofc portions 
be pointed refpe&ively with the feven colours. This done, 
if you fpin the wheel or the top, fo as to caufe it to turn 
very fan, in the light of the fun ; you will find that the 
painted' furface will look white ; for by the quick motion 
of the wheel, the impreflions of the colours in the eye be- 
come mixed, and of courfe they form a white light. Stop 
the wheel and the ftven colours will appear very 
diftinft. 

If, when a fpeftrum is formed by the light which has 
paffed through a prifm upon a fereen, a fmali hole be made 
through the fereen, and the rays of one colour only be per- 
mitted to pafs through it on the other fide of the fereen ; 
then whatever is viewed in that homogeneous light, will ap- 
pear of that particular colour. Thus, if the red light only 
has paffed through the bole, then blood, or grafs, or milk, 
flee. viewed in ifiat light behind the fereen, will all appear 
red ; excepting that the blood will appear of a ftrongrr red 
colour than the grafs or the milk. If the blue light only 
has been tranfmitted through the hole ; then the above- 
mentioned fubftances will all appear blue > and- the like mnft 
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be understood of the other .homogeneous colnun. This 
.proves that the colours, which' feem to proceed from co* 
loured bodies in general, do not belong to tbofe bodies ; 
but they are the component parts of the white light, in 
which thofc bodies are viewed, and that certain bodies have 
the property of abforbing fome of thofe coloured rays of 
the white light which falls upon them, and of refleding 
others. Thus, grafs rcflc&s the green rays and abforbs the 
reft, hence, , the green rays coming to our eyes, render the 
appearance of grafs green ; thus blood abforbs every other 
coloured ray excepting the red, and fo forth. Black bodies* 
abforb all the feven coloured rays, and white bodies refleft 
them all* 

If two holes, at about a foot diftance from each other, 
be made in the fh utter of a dark room, and two prifms be 
ufed, viz. a prifm be placed to receive the light at each 
hole, two fpeftrums will thereby be formed upon the 
fereen ; and by turning the prifms gently round their axes, 
the fpe&rums may be caufed to fall one upon the other* 
Let the yellow of one fpt&rum fall upon the blue of the 
other, and at that place the mixture of tnofe two colours will 
appear green. Let a fmali hole be made exa&lyat that 
lace, and that green light will pafs through the hole be- 
ind the fereen, and will form a green circular image upon 
another fereen placed to receive it. Now, if exa&ly behind 
the perforation of the firft fereen, you fix the refra&ing 
angle of a prifm, then the image upon the fcond fereen 
will not only be moved from its place, hut will appear 
oblong, with a yellow border at one extremity, and a blue 
border at the other extremity ; for that fpot or image 
of the fun confifts qf two primitive colours of different 
refrangibilitics. The fame thing muft be underftoodof any 
other colour formed from a mixture of any two primitive 
prifmatic colours ; for any two of 'thofe colours will form, 
or rather will look like an intermediate colour; thus, red 
and yellow form an orange, blue and violet form aa indigo* 
and fo forth. 

' If the experiment be performed with one folar fpe&rum : 
Viz. a fingle prifmatic colour; for mftance the green be 
permitted to pafs through a hole in (he fereen, and be then 
received *upon another fereen, ibe image will be of the fame 
colour as in the preceding experiment, viz* green, and cir- 
cular. Now, by placing a prifm behind the perforation of 
the firft fereen, the green image will be moved ti omits place* 
but it will not be elongated nor altered in colour, hecaufe 
this image confifis of one uniform primitive colour. (New- 
ton’s Opt. b. i. p. ii. prop, iv.) This remarkable . expe- 
riment ihewb, that though a green may be formed from a 
combination, or any other prifmatic colour may be formed 
from a combination of the two adjacent colours; yet each 
of thofe colours in the prifmatic fpe&rum, is a primitive uni- 
form or homdgefleous colour. 

Notwithftanding the conviftion which naturally attends 
the rciult of the above-mentioned experiments, feveral per— 
fons have fuppofed that the primitive colours of lighfc are 
not feven, but three only ; namely, ted, yellow, and blue 
and they have been led to this fuppofition, by obferving 
that the painters can produce all the other colours, by 
mixing either alt thofe three colours together, or two of 
them, in due proportion. 

A recent writer of eminence in (he philofophical world, 
(M. C. A. Prieur) has darted another theory,. He thinks 
that the primitive colours, (viz* the components of white 
light) are three in number ; but he- fuppofes them to 
be the red, the green, and the violet ; and that the other 
colours of the fpe&rum are formed from a mixture of thofe ; 
that is She yellow from the red aod the green, the blue 
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from the grcea and the vlotct, See, See l'Annales de 
Chimic. .Sept. 1806. 

Hitherto we have treated of the formation of colours by 
refraAion 5 from which it appears that the white folar light 
xonfifts of cbloured rays j that whenever that . light enters a 
tranfparent medium in an oblique direAion, it is caufed to 
deviate from its re&ilinear courfe ; and at the fame time its 
component coloured rays, are feparated in confequence of 
their different refrangibility. The next feries of faAs, upon 
which the theory of colours depends, relates to the inflexion 
of light, it having been found, that the rays of light are 
bent in their courfe, and refolved into the ; r component 
colours, not only by refraAion, but ltkewife by merely 
palling by the furfaces of bodies. It feema that the rays of 
light are attraAed by bodies, when they come within a cer- 
tain diftance of their furfaces, and that the coloured rays of 
white light being attraAed more or lefs, are feparated from 
each other. A great variety of experiments relating to this 
iafleAion of light, were originally made by Newton, and 
have, fince his time, been inftituted by other able philofo- 
phers. But, though feveral remarkable iaAa have been 
difeovered ; yet the prefent ftate of knowledge does not 
admit of their being reducible to a Tingle principle, or to 
any general and comprehenfive laws. 

In order to give our readers forr.c idea of this property 
of light, we (hall now fubjoin an experiment related by a 
recent anonymous writer ; referring, then, the reader to the 
article Inflexion of Light, for a full account of whatever 
belongs to it. 

“ Acrofs a beam,” fays the above-mentioned author, u of 
folar light, admitted into a dark chamber, through a fmall 
hole in a thin piece of lead, nearly T ' v of an inch wide, I 
interpofed a hair of a man’s bead, and receiving the beam 
on a fereen, or fhect of white paper at a diftance, and with 
an obliquity convenient for the purpofe, I noted the follow- 
ing appearances. — At the terminatioil of what may be con- 
fidered as, and therefore may be called, a fhadow, whofe 
intenfity or darknefs was not confiderable ; the following 
orders and diftinAions of colours appeared. Firft, and 
reared to the dark or black parts of the fhadow, might be 
feen a diluted blue, changing into a breadth of white light, 
followed by breadths of yellow and red. To thefe fucceed- 
ed an interval of diluted fhade, then breadths of diluted 
violet, blue, diluted green, yellow, red 5 then green diluted 
yellow, red ; diluted green, red 5 white, diluted red ? and 
finally white light. Thefe are the more general orders of 
the colours. Of thefe orders, the three firft were fufficient- 
ly obvious and diftinA; the lait evanefeent and requiring 
'accommodation of circUmftances to produce, and attention to 
perceive them.” Observations concerning the InfleAion 
of Light, $cc. London 1799. 

The Uft fet of faAs that remains to be mentioned, as re- 
lating to colours, confifts of the phenomena exhibited by 
thin tranfparent bodies, efpecially by thofe of variable 
thicknefs. Every perfon muff recollcA to have feen the 
bubbles of a folution of foap, or of other thickning fub- 
ftance, exhibit a variety of colours fimilar to thofe of the 
folar fpeArum, or of the rainbow, Thefe bubbles are no- 
thing more than thin veftete* of the folution, whofe thick- 
nefs varies continually. But a variety of thin folid fub* 
dances exhibit the like phenomenon, fuch as plates of muf- 
covy glafs, or oi talc 5 thin platen of glafs ; metallic and 
glafs plates moiftened with a variety of fluids, &c. Newton 
took two objeA-glaffes of telefeopes, one of which was a 
plane convex, and the other" a double convex one* He laid 
the latter on the flat fide of the other, and preffed them 
gently* Inftantly circles of colours appeared about the 
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point of contaAr, which InCreafed and decreased both in 
number end' in fixe, according as the lenfes were more or left 
forcibly prrffed again ft each other. The central fpot wae 
black, and circles of colours appeared round this fpot, which 
were brighter near it than farther off. Their order, com* 
mencing from the black fpot, was blue, white, yellow,' red ; 
violet, blue, green, yellow, red $ purple, blue, green, yelloW| 
red $ green, red ; greenifti, blue, red } grtenim, blue, pale 
red 5 greenifh, blue, reddifti. white. (Newton’s Optics, b. ii. 
p. 1. Obferv. iv.) Experiments (imilar to the above have 
alfo been performed with flat glades, lenfes of various cur- 
vatures, and other ftibftances, by other philofophere, fitch 
as Moraldi, Grimaldi, Delifle, Mairan, Mazeos, Du Tour, 
Mufchenbroeck, &c. See an account of their experiments 
in u Prieftley’a Hift. of Vifion, Light, and Colours.” p.«5. 
fcA. 6. After the above fuccinA account of the principal 
experiments that have been inftituted, and the various im- 
portant difeoveries that have been made, concerning the 
nature of light and colours ; it is proper to obferve, that 
the fubjeA is not only very far from being rxhaufted 5 but 
that the theory arifing from thofe experiments and difeoveries 
is doubtful in almoft all its parts. The number of primitive 
colours diftinA from or.e another, if fuch do really exift, 
is not quite determinate ; the attraAion between the rays 
of light and other bodies is an hypothecs not clearly un- 
derilood ; for it is a prevailing opinion with feveral philo- 
fophers, that the rays of light are attraAed within a certain 
diftance, -and repelled beyond that diftance. The refleAion 
of coloured rays from the furfaces of bodies is likewife in- 
volved in much uncertainty ; it being unknown whether the 
refleAion takes place at the very furface, or at a little 
diftance beyond it by fome power inherent in b dies, or, 
laftiy, from fome other furface a little within the bodies, 
which fuppofition is founded upon the hypothecs that all 
bodies are tranfparent, as far as a very fmall part of their 
bulk, which hypothecs is founded upon the obfervatiori 
that feveral denfe and opaque bodies, when much atte- 
nuated, become, in fome meafure, tranfparent } and fuch is 
the cafe with gold leaf, which, when placed againft the 
light, appears of a greenifh caft. 

Notwithftanding this uncertainty rcfpeAing the theory in 
general, the following particulars feem to be fufficiently 
eftablifhed 5 namely, that by refraAion and infteAion the 
white light of the fun is refolved into coloured light. 
Here it may be naturally afked whether the light of other 
luminous objeAs is not refolved, by the like means, into 
the fame colours ? The obfervations made in relation to 
this particular are not fo numerous, nor fo exaA as might 
be wifhed ; it appears, however, that fome luminous ob- 
jeAs yield rays of particular colours more abundantly than 
of other colours. The abb6 Rochon having placed a 
prifm before an achromatic telefcope, obferved through it 
the light of the ftars ; and found that the white light of 
Sirius was refolved into an oblong fpeArum, which con- 
fided almoft entirely of three colours, vis. red, green, and 
violet* An indication of yejlow was Rarely difcemible 
between the two firft, and a flight degradation between the 
two laft. Through Dr. Hcrfcbcirs powerful tcltfcopea 
mod of the fixed ftars feem tinged with peculiar colours, 
vis. fome evidently incline to a green, others to a red, and 
fo forth* The light yielded by particular conpbuftibles is 
alfo tinged with peculiar colours, and the Dame of fpirit 
of wine is a ftrong inftance of this nature ; for if common 
fait be mixed with the fpirit, the light of its flame Teems to 
be entirely deftitute of red, yellow, and violet, and it ia 
owing to this peculiarity that children frequently play with 
it in order to give a ghaftly appearance to the lurrounding 
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company. When btryt (ponderous earth) li mixed with 
fpirit of wine, its flame it yellow $ boracic acid renders it 
green, and ftrontian earth gives it a purple colour. 

The phenomena of coloured bodies, as they occur to U6, 
in general, mav be d’ftinguifhcd into five claflVs, viz. id. 
The colours that arife from evident refradion, fuch as the 
colours of the rainbow, of the bubbles of a folution of foap, 
&c. 2dly. Thofe of opaque bodies that arc fixed, ^dly. 
The colours of traufpareat bodies formed by the light 
pafllng through them. 4thly. The colours that are change- 
able, according to the lituation of the eye, like the colours 
of certain filks, feathers, flowers, thin laming, &c. ; and 
jthly. Thofe which are changeable in confluence of a 
chemical alteration of the nature of the body. We (hall 
now add a few obfervatione refpeding each of thofe five 
daffes. 

1. That in palling through a tranfparcnt medium, like 
the drops of rains, the thin pellicle of a bubble of foap, a 
thin lamina of talc, dec. the light (hould be decompofed or 
rather refolved into colours, is eafily underftood, after the 
above-mentioned properties of the prifmatic fpe&rum ; but 
the only tircumftance which may require explanation is, 
that we perceive the colours, &c. not when the refracting 
body is between us and the luminous objed, but when 
both our eyes and the luminous objed are on the fame 
fide. With refped to this, it mult be obferved, that 
a tranfparcnt body, like a plate of glafs, a drop of 
wafer, See, refleds with both its furfaces at the fame 
time that it lets part of the light pafs quite through its 
fubftance. Dired your eyes to the furface of a common 
glafs plate fo as to fee the rcfle&ion of an objed, as in a 
looking glafs, and if you obferve attentively you will perceive 
two refleded images clofe to each othtr, viz. one from the 
anterior, and the other from the pofterior, furface. In moft 
looking glafleB* if you place a lighted candle on one fide, 
and view the refleded image °f from the other iide, you 
will generally fee a fucceffion of images of the candle 
fainter and fainter, in proportion as they recede from the 
principal image. The reafon of this appearance is, that 
fince both furfaces refltd, the image formed by the it- 
Jledion of the pofterior furface is partly tranfmitted to the 
eye of the fpedator, and partly refleded from the anterior 
furface to the pofterior one, the latter of which is again 
refleded, and fo on. Now, in the cafe of the drops of rain, 
when they form the rainbow, the light of the fun falling 
obliquely on the furface of the drop is refraded and re- 
folved into colours, in which (late it proceeds through the 
drop to its farther furface, from which it is partly refleded 
to the eyes of the fpedator. The fame explanation is 
evidently applicable to the colours of the bubbles of foap, 
thiu tranfparent laminae, and the like. See Rainbow. 

2. The fixed colours of opaque bodies are in all 
probability owing to tbeir abforbing Tome of the colour- 
ed parts of white light and reneding others ; their 
immenfe variety arifing from a mixture of the refleded 
primitive colours in various number and proportion $ but it 
sa impoffible to fay at prefent whether that refledion Is 
effeded at the very furtace, or at fome diftance from it, 
cither within or without the body ; alfo to what caufe the 
difpofition of refleding certain colours in preference to 
fillers may depend upon. Mr. Delaval’a experiments feem 
to indicate that the colour of opaque bodies arifes from the 
fight that* has paffed through a thin layer of tranfparent 
coloured particlca, and is then refleded by the fmooth Air- 
fare immediately under them* 

3* The greateft number of accurate experiments, con- 
cerning the coloura of tranfparcnt bodies, was made by 
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Edward H. Delaval, cfq. F.R*S. (See hi« Fane? in tta 
Memoirs of the Lit. and Philof, Society of Manchefter, 
vol. ii.) His experiments were performed with an immenfe 
variety of liquors differently tinged by metallic folutions, 
decodions, and infuftons of flowers, refins, gums, woods, 
mineial and animal matters. Thofe liquors he placed in 
phials of flint glafs, of a parallelepiped form, with an ob- 
Jong cylindrical neck. “ I covered,” he fays, •• the hot* 
tom, and three of the fides of each of thefe phials, with a 
black varnifti ; the cylindrical neck and the auterior fide* 
except at its edges, were left uncovered.” 

In order to examine what colour thofe liquors would ex- 
hibit, either by tranfmitted or by refleded light, he viewed 
them through the neck of the phials, or looked into the 
phial through the fide which had been left uncovered by 
the varnifh. But with refped to this latter cafe, he fays, 

“ the uncovered fide of the phial (hould not be placed 
oppofite to the window, through which the light it 
admitted ; becaufe in that fituation the light would be 
refleded from the farther fide of the phial, and would be 
tranfmitted through the coloured liquor ; and it is obfcrvable 
that fmopth black furfaces refled light very powerfully* 
Now, as it is a principal objed in the experiment that no 
light be tranfmitted through the liquors, this will be ac- 
coropiifhed by placing the uncovered fide of the phial ia 
fuch a diredion that it may form a right angle with the 
window.” 

All the coloured liquors, which Mr. Delaval tried in the 
above-mentioned manner, appeared tinged with their peculiar 
colours, when viewed through the necks of the phials ; but 
when he looked on that part of the liquor which filled the 
body of the phials, he perceived no colour whatever, the 
whole appearing black $ which proves a? important fad* 
namely, that tranfparent coloured liquors do not yield any 
colour by refledion, but by tranfu.iffion only. ' « If thefe 
liquors,” he obferves, «• are fpread thin on any white 
ground, they appear of the fame colours which they had 
exhibited when viewed in the necks of the phials ; as the 
light refleded from the white ground is, in this cafe, tranf- 
mitted through the coloured medium. But when they are 
fpread upon a black ground they afford no colour. The 
black ground, however, (hould not be a poliflted body} 
as the light refleded thereby would be tranfmitted through 
the thin medium on its iurfacc, and be tinged by palling 
through it.” 

Next to the above, Mr. Delaval relates various other 
experiments which he made with tranfparent folids, viz* 
with coloured glaffes, which he made on purpofe, by 
tinging the fubftance of the glafs with metallic and other 
matters, in imitation of real gems. Thefe coloured glaffes 
exhibited phenomena fimilar to the coloured fluids. « Hav- 
ing,” this author fays, “formed pieces of fuch glaffes* 
about two inches thick, I inclofed all their fides with black 
cloth, except at their farther and anterior furface. Each 
of thefe pieces of glafs vividly exhibited its colour, when 
viewed by tranfmitted light : but when the tranfmitted 
light was intercepted, by covering the farther furface, the 
anterior furface afforded no colour, buti appeared black* 
When plates of tranfparent coloured glafs, fomewhat thicker 
than window glafs, are viewed by tranfmitted light, it ia 
well known that they exhibit their feveral colours. I in- 
tercepted the light, which was tranfmitted through fuck 
coloured plates, by fixing a piece of black cloth contiguous 
to their farther furface. The plates^ thus prepared, when 
placed in fuch a diredion that they form a right aftgfe 
with the window, appear perfectly black; which Aewa 
that the coloured particles do not refled any light*” 
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It h hardly n*ee<f«iy to obfrrre that wherever liprht ii 
tranfmitted through any coloured tranfparent body, a 
greater part of it is loft, than when that body is quite 
colouriet's ; for by tranfmitting one fort of coloured raya 
more copioufly, it flops a great part of the oppolitely 
coloured rays. # 

Be/ides thefe tranfparent coloured bodies which have 
been jiiil noticed, there is avaft gradation of others between 
them and thofe that are perfectly opaque, Thefe, which 
are called femipellucid, or femitrant parent, exhibit a raft 
variety of phenomena arifing from the various proportion of 
the opaque and the tranfparent particles which enter in their 
competition. Thus fome appear of the fame colour, 
whether viewed by tranfmitted, or by reflected light, others 
exhibit one colour by tranfmitted and another by reflefted 
light 5 others again appear of various colours, according to 
their thicknefs, Sc c. See Newton's Opt. 1 . i. p. ii# 
prop. x. 

4. The lad paragraph may, in fome meafure, tend to il- 
lull rate the nature of thofe coloured filks,' feathers, 5 c c. 
which change their colour according to the angle in which 
theftare viewed, and in which the light falls upon them ; 
other circumftances, however, are concerned in the pheno- 
mena of thofe bodies. Thus the furfaces of fome of them 
are very irregular, in confluence of which they refleft with 
fome of their particles, whild they abforb mod of the 
light with other particles ; hence, when by a lateral view, 
the former or the latter are placed out of the direftion of the 
eye, the colour of the whole appears different from what it 
does in another point of view. Certain bodies of this fort 
may likewife be tranfparent to a certain fmall depth, in 
which cafe they become vifiblc partly by reflected and partly 
by refrafted (conftquently decompofed white) light 5 
hence the eye ot the fpeftator mud, according to its fitua- 
tion, fee fome coloured rays in preference to others. The 
phenomena of thofe changeable bodies, meaning with re- 
Jpeft to colour according to fituation, are far from being 
clearly under Hood ; it is mod probable r however, that in 
them all, the three principal properties of light are concerned, 
namely, its reflection, refradion, and inffedion. 

5. In the pradice of various arts, wherein colours are 
concerned, fuch as in dyeing, enamelling, painting in oil 
or water colours, Sc c. a change in colour of mod of the 
materials is commonly oiJerved, which is evidently pro- 
duced by the aCtion of the air, the fire, the oil, or other 
agent to which the colouring materials are expofed, and by 
which they undergo different degrees of chemical alteration 
in their nature. This obfervation, and a defire of invefli- 
gating the nature of thofe changes, with a view of im- 
proving the pradical arts dependant upon them, induced 
ieveral perfons to try a variety of experiments, and Mr. 
Delaval, the fame above-mentioned gentleman, who invefti- 
gated, other branches of the prefent fubjeft, became one of 
the greated labourers in this field of inquiry. Were we 
acquainted with the nature of thofe particles in bodies 
vfhich refleft or refraCt the coloured rays, and had we a 
fuffieient knowledge of the alterations produced on thofe 
particles by the aftion of different agents or mendrua, be 
they oils, acids, air, alkalis, &C4 a jud idea might per- 
haps be formed of the changes in colour, which mud arife 
from certain combination* ; but as the prefeat date of 
knowledge does uot admit the formation of fuch a theory, 
the whole mud red upon conjecture, and the practical 
part mud depend upon the refult of particular expe- 
riments. 

Sir Ifatc Newton thought, that bodiet refleft and re* 
fraft light, by the fame power in different circumfUaccs. 
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Alfo, that the forces of bodies to refleft and refraft light, 
are very nearly proportional to the denfities of the fame 
bodies, excepting that unftuous and fulphureous bodies re- 
fraCt more than others of the fame denfity. In fupport of 
this afiertion he relates feveral experiments, the reful: of 
which he expreffes in a table, wherein the proportion of the 
fines which meafure the refraftions of the Ieveral bodies, 
the denfities of the bodies edimated by their fpecific gra- 
vity 5 and their refraftive powers in relpeft of their denS- 
ties are dated in feparate columns. Mr. Delaval conceived 
that the denfer fubttances ought, by their greater refraftive 
powers, in like circumdances, to refleft the lefs refrangible 
rays ; and that fubflances of lefs denfity, Ifhould refleft 
rays proportionably more refrangible, and thereby appear 
of feveral colours in the order of their denfity. Agreeably 
to this fuppofition he gives indances of natural bodies, 
which differ from each other in deniity, though circura- 
fianced alike in ether refpefts, excepting in their colour,, 
which colour follows the order of their denfity 5 the den fed 
being red, the next in denfity orange, the next to thafc 
yellow, then green, &c. In fupport of this hypothecs 
Mr. Delaval made feveral experiments with glafs tinged by 
metallic particles, in which the colour of the glafs, in 
a great meafure, correfponded to the denfity, or to the fpe- 
cific gravity, of the metal concerned. But this feries of 
experiments is not extended to that degree, nor is it con- 
ducted with that caution, which a confirmation of the 
hypothefis demanded. Mr. Delaval alfo indituted fimilar 
experiments with coloured liquors, in which he endeavoured 
to fliew, that by an incraffation or an attenuation of their 
particles, their colours may be changed in one order or in 
the reverfe. His mode of attenuating thofe liquors was 
accomplifhed, as he fuppofed, by the addition of acids, 
and that of incraffating, by the addition of alkalies. But 
however fpecious this hypothtiis may at lird fight appear, 
a drift examination of fafts will ealily (hew the fallacy of 
it in almod all its parts, and feveral writers have pointed 
out fome of its detefts, but none better than Dr. Ban- 
croft, F.R. S. in his u Experimental Researches, concerning 
the Philofophyof permanent Colours,” vol. i. chap. i. In 
this excellent work, Dr. B* fhews that Mr. Delaval has not 
noticed the change of nature, as well as of fpccitic gravity, 
which the metals undergo by their being expofed to differ- 
ent degrees of heat, together with the glafs. He alfo ob- 
ferves, that if, according to Mr. Delaval* s hypothefis, the 
denfed bodies are of a red colour, or approximating to it, 
platina, the heavieft of all known metals, ought to be red ; 
whereas it is white, like tin, and the lighted metals. Alfo 
gold, the heavied metal next to platina, is much farther re- 
moved from the red colour than copper, which is much 
lighter. With refpeft to Mr. Delaval'a experiments on 
coloured liquors, Dr. Bancroft fays, “ indead of choofing 
and employing mechanical means, which alone are fuited to 
produce thole effefts, and only thofe effefts, he has re- 
courfe to mere chemical agents, whofe aftions in the ways 
which he fuppofes muit have been .almod doubtful, though 
their powers of producing other, and very different effefts 
from what he fuppofes, is muft certain. Mr. Delaval, 
however, adopting fir Ifaac Newton’s, fuppofition, that 
acids always attenuate, and alkalis always incraffate, pre- 
pared what he confidered as a diffolving or attenuating 
liquor ; which confided of water with about part of 
aquafortis : and when he wanted to leffen the diffolving 
force of this liquor, indeed of weakening it by the. addi- 
tion of water (which would certainly have been the mod 
obvious and unexceptionable expedient), he chofc to do it, 
at he fays, by adding a fmall quantity of a folution of pot- 
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«(h 9 or Tome other alkaline liquor* and thereby produced a 
new corapdfition, the effe&s of which muft, in many cafes, 
prove ^different from thofe of a mere diminution of the flip* 
pofed diffolvmg power of the former liquor. And on the 
other hand, When he wanted to increafe the force of his 
acid liquor, inftead of doing it by a farther additidn of 
aquafortis (obvioufly the moil proper expedient), he re- 
curs to an addition of oil of vitriol, an acid pollening very 
different properties, and producing very different effects, on 
S great* variety of fubftances, and particularly on colouring 
matters; of which we could eafily allege hundreds of in- 
ftances, but (hall content ourftlves with only mentioning what 
is well known, that even the ftrongeft and mod concen- 
trated oil of vitriol (n fed to diffolve indigo for dyeing the 
Saxon blue, &c.) does not deilroy, or even weaken, its 
blue colour, though a very weak nitrous acid, or aqua- 
fortis, will wholly dedroy it, and convert the indigo to a 
dirty brown mafs, of no ufe whatever.” For farther ob- 
fervations of Dr. Bancroft on Mr. Delaval’s Theory of Co- 
lours, we refer otir readers to his abovementioned work. 
But With refpe& to the pra&ical part of the fubje&, viz. 
the art of colouring glafs, porcelain, 8 cc . or the methods 
of forarng pigments, they are requelled to confult the 
articles. Painting, Enamelling, Dyeing, Staining, 
Crayons, and Pigments. 

Colour of the clouds , is thus accounted for by fir Ifaac 
Newton. Concluding from a feries of experiments, that 
the tranfparent parts of bodies, according to their feveral 
fixes, rtfte& rays of one colour, and tranfmit thofe of an- 
other, he hence obferves, that when vapours are fird raifed, 
they are divided into parts, too fmall to caufe any reflexion 
at their furfaces, and therefore do not hinder the tranfparency 
of the air ; but when they begin to coalefcc, in order to 
form drops of rain, And conftitute globules of all inter- 
mediate fizes, thefe globules are capable of refle&ing fome 
colours, and tranfmitting others, and thus form clouds of 
various colours, according to their fizes. Mr. Melville con- 
troverts this doftrine, in its application to the red colour of 
the morning and evening clouds. “ Why,” he fays, ” fhould 
the particles of the clouds become at that particular time, 
and never at any other, of fuch a magnitude as to feparatt 
thefe colours ? And why are they rarely, if ever, feen tine* 
tured with blue and green, as well a3 red, orange, or yellow f 
Is it not more credible, that the feparation of rays is made 
in palling through the horizontal atmofpherc, and that the 
clouds only reflect and tranfmit the fun’s light, as any half* 
tranfparent colourlefs body would do ? For iincc the at- 
tnofphere fefle&s a greater quantity of blue and violet rays 
than of the red, the fun’* light tranfmitted through it ought 
to incline towards yellow, orartgc, or red ; efpecially when 
it paffes through a long trad of air : and thus it is found, 
that the fun’s horizontal light is tin&ured with a deep 
orange, and even red ; and tne colour becomes ftill deeper 
after fun-fet.” Hence he concludes, that the clouds, 
according to their different altitudes, may affume all the 
variety of colours at fun-rifmg and fetting, by barely re- 
fle&ing the fun’s incident l ; ght as they receive it. Edinb. 
Ein vol. ii. p. 75. Pricftley’s Hid. of Vifion, p. See . 

For the diilinft properties, See. of the feveral colours, fee 
Blac*> Whitb, Blub, Scd. Sccalfo Rainbow, See. 

Colour, and Colour- Making, in Calico* Printing* The 
preparation of colours for calico-printing, conftitute* one 
great branch of that beautiful art, and involves in it a feries 
of intcrefting and important proceffes* As an art, its opera- 
tions are more dependent than almoft any other, on thofe 
minute differences and changes in the conftitution of bodies, 
which it ia the bufinefs of ehemiftry to inveftigate. Hence 
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that liability to error md uncertainty which, fa the hands of 
the ignorant, pervades many of its proceffes, though con* 
du&ed according to long eftabliflied and approved formula* 
Our prefent volume would fcarce fuffice tor the various re* 
ceipts in which the art abounds ; yet, in the following ar- 
tide, we (hall endeavour to lay down general principles, ra- 
ther than more praftical diredtions ; convinced, that by pre* 
fenting our readers with a clear andcoocife theory, deduced 
from fuch pradioal illuftrations, as may be necefliiry/or this 
punpofe, we fhall render them a more acceptable fefrvice. 

The term cola , in calico printing, is applied not only to 
thofe vegetable, animal, and mineral folutions, which im- 
part their own colour to the cloth on which they are ap- 
plied, but alfo improperly to thofe earthy or metallic folu- 
ttons, which, poffcfling little or no tingent properties them- 
felves, yet retain or fix the colours of other fubllances, when 
afterwards applied to the cloth. Thus the acetite of alu* 
mine, or printers’ red liquor, when pure, is almoft colourlefs, 
and only becomes red by the procefa of dyeing, as will be 
explained hereafter. The acetite of iron, or'iron liquor, Hi 
like manner, when ufed of a determinate ftrength, ia called 
black colour, and when weaker purple colour, though the cloth 
impregnated with thefe folutions becomes black or purple, 
only as being raifed, like the other, in the dye-copper* 

1. The colours produced by means of thefe earthy or me- 
tallic folutions (which, in the language of (cience, are called 
mordants ), form the tnoft valuable and important feries, whe- 
ther considered with regard to the almoft infinite variety of 
{hades, or to their folidity and durability. Thefe colours, 
from the mode in which they are produced, (the mordant be- 
ing fird applied to the cloth, and the colour afterwards raifed 
by dyeing), are called dyed colours . 

2. Sometimes the mordant is previoufly mixed with a 
folution of colouring matter, and in that ftatc applied to the 
doth, fo as to paint or (lain it, at one operation, and without 
the procefs of dyeing. Thus, another clafs of colours is pro- 
duced, many of them poffcfling great brilliancy indeed, but 
much inferior to the former m durability. The colours 
called chemical, by calico printers, belong chiefly to thia 
clafs. 

3. In the third and laft clafs, we may place all thofe, 
where the colouring matter is Amply held in folution by aq 
add or alkali, and in this ftate applied to the cloth, without 
the intervention of any mordant. To one or other of the 
foregoing claffes, may be referred all the colours ufed ' ill 
calico printing $ with the exception, however, of thofe 
fyftcme of colours which have been produced by calico 
printers in this country, within a (hort period, by protcefies* 
and upon principles which have hitherto not been made 
known. 

Clafs I. 

The colours of this, as has been already obferved, are pro* 
disced, by fir ft impregnating the cloth with an earthy or 
metallic iolution, or mordant, and railing the colour after- 
wards by dyeing. In this article we fhall confine ourfelves 
to the preparation of the different mordants, and the enu- 
meration of .colours they afford, with different colouring 
fubftances. The operations of the dye-houfe, and the mode 
of railing the colours in the dye-copper, will be detailed 
hereafter. 

The two great and raoft important mordants ufed in calico 
printing, are thofe that we nave already noticed, viz. the 
iolution of iron in acetous acid or vinegar, called iron liquor, 
and the acetous folution of alumine, or the earth of alum, 
called red liquor, or red colour, and fometimes yellow 
liquor* 

With thefe two folutions, cither Separately applied, and 
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of various ftrengths, or mixed together, and in various pro- 
portions, an infuiit * variety of Andes of colour are produced. 
Almoft all the hues in nature may be obtained by railing 
them, and their various combinations with different' colouring 
fubftances. From madder, with the acetite of alumine, or 
red liquor, we obtain various (hades of red, from thedarkeft 
blood colour to a pink. From weld and quercitron bark, 
yellows, varying in intenfity from a deep oiangc to a pale 
ilraw colour, according to the ftrength of the mordant em- 
ployed. From logwood, various lhades of violet ; from 
cochineal, Brazil, and Hicaragua wood, pink and crimfons 
of different hues ; and, in fflort, from almoft every different 
colouring fubftance, a different lhade of colour. With the 
acetate of iron, or iron liquor, of different ftrengths, we 
obtain from madder all the intermediate hues between black 
and pale purple, or lilac. From weld and bark, olives, 
browns, and drab3, of various hues ; from fumac, logwood, 
galls, and other a ft ringent fubftances, all the varieties of grey, 
From the paled (hades to the dc*peft, in which all the minute 
differences of hue are loft till they approach to black. Thcfc 
various (hades are further modified by applying two or more 
colouring fubftances to the fame mordant, as madder and 
weld, for example, to the actute 4 of alumine, which produces 
orange, light cinnamon, nankeen, &c. ; and again li ill fur- 
ther, by mixing the mordants thetnfelves in various propor- 
tions, and railing them with either one or more of the differ- 
ent colouring matters. By theft means (hades, and varieties 
of colour, may be produced from a few fubftances only, 
which baffle defeription, and for which language has no pre- 
cife or definite terms. 

The acetite of iron, or iron liquor, is varioufiy prepared. 
In this country it is chiefly made with the pyroligneous 
acid, which Fourcroy has proved to be identical with the 
acetous. Malt acid is preferred by many on account of its 
being free from volatile oil and refinous matter, with which 
the other abounds ; but the great difference in price; and 
the facility with which it is obtained, has brought the acid 
of wood almoft into gtncral ufc. A feries of calks filled 
with feraps and turnings of iron upon which the acid is 
poured, is almoft the only apparatus necelLry for making 
iron-iiquor ; yet when the conlumption is great, or when it 
is prepared for fale, vats capable of holding fcveral hundred 
gallons arc fubftituted for calks, and the acid is kept in a 
ftate of circulation through the iron by means of pumps. 
The faturation is much accelerated by this motion, which 
prevents any depofitiori on the furface of the iron which 
might defend it from the action of the acid, and alio brings 
freffl portions of unfaturated acid more frequently in con- 
taft with the metal. In a few weeks, fooner or later in 
proportion to the ftrength of the add, the faturation is com- 
pleted, and the liquor is then removed from the vat into 
calks for ufe, and frelh acid poured upon the iron as before. 
This is an cafy and fimplc mode of making iron hquor, and 
as it reqaires but little trouble and attention, is the one molt 
generally in ufe. The precautions neceffary to he ohferved 
are, that the acid, if it be the pyroligntous, (hould not be uled 
too foon after its preparation. It holds much cffential oil 
and refill in folution, part of which feparates on being kept 
ja few weeks, and the clear acid may then be drawn off. It 
may be (till further fr- td from refin by boiling j a portion 
pf effential oil is thus thrown rff, and the refill, if held fuf- 

£ ended, is precipitated after Handing fomc time. We fflril 
ave occafion to recur to this fubjett again, when we come 
%o treat of the pyroligneous acid, and us formation, under 
the article Dijliliation of Wood. It is nectffary alio, 
that the iron (hould be perfc&iy clean and all of it mallea- 
ble. Caft iron is not folublc ia acetous acid* Hoop iron 
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cut into lengths of fromeight to ten inches is preferable to 
any other. It is readily cleaned and more eafily taken out of 
the vat, and returned into it again than mislhapen made* 
fold under the name of old iron. When malt acid is em- 
ployed, fimple heating and waffling is fufficient to free it 
From any foulnela it mayf have contra&ed in the vat $ but 
when the pyroligneous acid has been ufed, it becomes fo 
coated with refm on its upper furface after a fecund or third 
folution, as to prolong the period of faturation to twice or 
thrice its ufual length. In this ftate it muft be removed 
from the vat .and heated to redticfs in oven, through which 
there is a current of air. The refin is confumed, and the 
iron by heating is freed from any remains of carbonaceous 
matter that may adhere to it, and is again ready for the 
vat. 

The only obje&ion to this mode of making iron liquor is 
the time required.to faturate the acid, which to thofe, whofe 
confumption is very great, or who manufa&ure it for fale, 
is oftentimes of importance. Different proceffes have there- 
fore been devifed to remedy this inconvenience, in many of 
which the faturation is accelerated by means of heat which 
is applied in various ways, as beft fuits the convenience of 
the manufafturirr ; but the mod expeditious mode is that 
of prefenting the iron to the acid in a ftate of oxydation, 
by which means the folution is effected immediately. Calico 
printers have long been in the habit of ufing an extempora- 
neous acetite of iron, formed by mixing together folutions of 
acetite of lead and fu phate of iron. A very pure acetite of 
iron may be obtained by this means, but the price of acetite 
of lead renders this mode too cxpenlive for general ufe. By 
formmg a fo J utionof lead, however, in pyroligneous acid and 
decompiling it with fulphatc of iron or copperas, an iron li- 
quor mty be obtained fufficiently cheap to render this proctfs 
advantageous in many cafes, though ft ill more expenfive than 
the ordinary mode. A pattnt was lately taken out for mak- 
ing iron liquor by a procef* fomevvhat fimilar to this, which, 
however, we underhand has not anfwered the expectation 
formed of it. A folution of lead in pyroligneous acid is 
digefted on clear metallic iron. The iron becomes oxydated 
at the expence of the lead and is diffolved, whilit the lead 
is precipiiAied in the metallic ftate, and may again be ufed 
for a frelh Mut’on. All th»rir modes are evidently more ex- 
pen live tiian the ordinary one of fimple folurion of metallic 
iron in pyrolvneous acid, and riie only confideration with 
the manufacturer is, whrth r this extra expmee i» counter- 
balanced by the economy of timt or not. 

Ti e procefs adopted fome vears ago by Mr. Thomfon, 
is perhaps the molt expeditious, 1. next to the common 
mode, the moft economical of any yet mi ufe, It confide 
in faturating the pyroligneous acid vwth quicklime, and 
pouring the cuar boning folution on as much hnphate of 
iron or copp ras as will precipitate the whole of the lime. 
A calk of iion liquo may be made by this moue in a few 
hours, and when cure has been taken right lv to proportion 
the ingredients fo as to produce complete decompofition, it 
is inferior to no folution wnatever in any of its properties. 

The properties of the acetous folution of iron fit it emi- 
nently above all others for the purpofe of the calico printer, 
and having detailed its preparation we (hall endeavour to 
point out in what this fupvrnntv confifts. 

The acetite of iron exifts in *wo Hates, dependent on the 
quantity of oxy ;en combined wuh the iron. When pure, 
and recently prewired, it is of a Dale greenilh hue, but by 
expofure to air foon becomes tin/ed with brown. In this 
ftate the iron is at its ioweft point of oxydation, ftrongly at- 
tractive of oxygen, *»nd if precipitated by an alkali, of a deep 
green colour. By 6?pofure to the atmofphere, and confe* 
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^«ent abfarptfan *f air, tb$ rotation paffei to a deep red 
brown, and, if concentrated, depofits orange oxyd of iron, and 
becomes ftrongly acidulous. With this excels of acid, the 
folution now becomes permanent ; the iroh is, almoft wholly 
it the maximum of oxydation ; and, when precipitated, of a 
dark red colour* 

The fame takes place only in a lefs degree, and more 
flowly with the fulphuric and muriatic folutions of iron. 
Of a pale greenifh hue in their recent ftate, they gradually 
attraft oxygen from the atmofphere, and become flightly 
red, depofit red oxyd of iron and pats to a ftate of acidity, at 
which the folution becomes permanent, and the oxydation of 
the iron proceeds no further. 

If the folutions, properly thickened with gum or flour, 
are applied to cloth, the fame change takes place, but 
with more rapidity, from their diffufion over a thin furface, 
and more complete expofure to the air. The aqueous and 
volatile part of the folution fpeedily evaporates, and as the 
oxydation goea on, the oxyd of iron is .depniited on the 
cfoth, and a portion of acid fet free. When this acid is vo. 
Utile, as is the cafe with the acetous, and alfo in a great de- 
gree with the muriatic, it is diflipated. The oxydation of 
the iron then goes on, frefh portions of acid are again liber- 
ated and drawn off till the whole of the folution is decom- 
pofed, and the oxyd of iron depofited in the cloth. When 
the acid is not volatile, however, as is the cafe with the ful- 
phuric, the firft portions of acid that are liberated not being 
drawn off, the oxydation proceeds more flowly till the ex- 
cels of acid becomes fo great as wholly to interrupt it, and 
great part of the iron in the operation of rinfing is again car- 
ried off the cloth. Another and more ferioUs inconvenience 
attending the ufe of the fulphuric folution is its aftion on 
the cloth itfelf. The difengaged acid being in a ftate of 
reat concentration a&s upon its fibres, weakens, and at Uft 
eftroys them. The fame takes place with the muriatic fo- 
lution alfo, for though the excels of acid is flowly diflipated, 
yet it has fufficicnt time and concentration to adl very pow- 
erfully, and is, if poflible, ftill more deftru&ive than the 
fulphuric, fince it6 a&ion is not confined to the part On 
which it is applied, but from its volatility extends over the 
whole furface of the cloth. 

It is neceflary, therefore, that the acid fhould be not only 
volatile, but harmlefsin its a&lon on the vegetable fibre, which 
conditions are more completely fulfilled by the acetous than 
by any other folution whatever. From the preceding obfer* 
vations on the properties of the acetite of iron, and the 
changes it undergoes on the furface of the cloth, may ret* 
dily be deduced the reafons for that expofure to heat and 
air which calico printers have, from long experience, found 
ncccffsry to goods printed with this folution. By expofure 
to sir the iron becomes oxygenated and depofited on the 
cloth, whilft the heit favours the liberation of the acid, and 
accelerates the procefs. From what has gone before it may 
alfo be inferred, that the acetite of iron fhould be ufed in 
its recent or green ftate, fince in that ftate the acetous acid is 
capable of holding a greater quantity of oxyd of iron in 
folution, and that coniequently after its -faturacinn and re- 
moval from the iron, it fhould not be too much expofed or 
agitated in contaft with the air. On this account, alfo, it is 
wrong to pump the .liquor in the vats too much when it 
approaches the point of faturation, fince the oxygenated iron 
is almoft all precipitated, and frefh portions immediately dif- 
folved, fo that the liquor might in time be rendered quite 
thick with precipitated oxyd of iron. 

The preceding ideas are at variance with the general 
opinion refpefting the ftate in which the acetite of iron 
ffkould be employed. All the fpcculativc writers, and even 
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many well acquainted with the proeefles of calico printing* 
recommend the oxygenation of the folution by expofure to 
air and removal from the iron, as effential to the goodnefs of 
the iron liquor. Even Berthollet, in the lift edition of his 
“ Elements of the Art of Dyeing,*’ has fallen into the 
fame miftake, the fource of which, and the fa£U which feem 
to countenance it, we (hall point out in a future article. 

It iB an objeft of importance to the calico prihtcr to 
know the precue ftrength of his iron liquor, and to be able 
to afeertain this at all time*, with little trouble or chance of 
error. Great mifehief and inconvenience often arifes from 
uncertainty in this refpefl, cfpecially in the pale (hades of 
purple, which are obtained from madder, with diluted acetite 
of iron. The hydrometer has been objected to, as indicating 
not merely the quantity of iron in a folution, but alfo the 
effential oil, refin, and mucilage which thefc impure folutions 
often contain. This ohje&ion, however, only applies where 
the fame inftrument and graduation is employed to afeertam 
the relative ftrengths of iron liquors, prepared with different 
acids, as the pyroligneous which contains much effential oil 
and refin, and malt acid which abounds in mucilage. In 
this cafe the hydrometer may indicate great differences in 
folutions containing equal quantities of acid and iron, but 
varying in the quantities of mucilage, oil, or refin. Iron 
liquor, however, prepared conftantly by the fame procefs, 
and from the fame acid, varies fo little in the relative 
proportion of its ingredients, that the hydrometer may be 
ufea to afeertain its ftrength in preference to any other mode 
whatever; provided the ncccffary precautions are qfed to 
corre& any error arifing from variation of temperature. 

In a work of this kind, not iiluftrated by a&ual fptci- 
mens, and without reference to fome particular kind of iron 
liquor, it is impoffible to point out the fpccific gravities of 
the different folutions required for producing the various 
(hades, we have enumerated. An acetite of iron, of fpecific 
gravity 1.047, with madder or logwood, will produce a 
black, and with weld or fumac an olive, and diluted with 
fix, eight, or ten times .its bulk of water, various (hades tof 
purple, drabs, or olives, according to the colouring matter, 
employed. A ftandard folution of iron once obtained, the 
necefiary ftrength for producing the different varieties of 
colour is eafiiy afeertained by a&ual experiment, and to this 
we muft refer our readers. 

When thickened with flour or gum, mnd tinged with a 
deco&ion of logwood or Brazil, the better to enable the 
workman to obferve the progrefs and ftate of his work, it 
forms, as we, have before obferved, the printers black co- 
lour, a purple colour. See. according to the ftrength of the 
folution and the purpofe it is intended for. Various ingre- 
dients were formerly added to iron liquor, to improve its 
quality, or vary the hue of colour it produced, verdigrife 
and copperas were added to the folutioQ intended for black; 
and fal ammoniac or nitre to the diluted folutions for pqrple* 
Thefe are, however, now almoft univerfally laid afide, as 
being for the moft part ufclefs, and often hurtful : the Am- 
ple acetite of iron being found to anfwer. every purpofe of 
the more complicated and heterogeneous folutions. 

The acetite of alumine, or red liquor, is always prepared 
by the decompofition of alum, by an earthy or metallic fait* 
fince the aluminous earth is not folubte in acetous acid, ex* 
cept ia its newly precipitated and minutely divided ftate* 
Thepureft folution, and that which is generally ufed for the 
fineft and moft delicate colours, is produced by decoxtipofing 
alum with Dutch fugtrof lead, generally in the proportion 
of two parts by weight of the former, to one of the latter. 
The proportion of the two falts, and alfo the quantities of 
each gallon, as ufed by different calico printers, vary yet 
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wftn little, difference in rff The alumirrjeiK'ral predo. 
minates fo far as completely to faturate the liquor. The 
printers 9 aluminous mordant therefore is a compound folution. 
It is an accto-fulphate of alumine, confiding of a faturated 
folution of common alum, and more or lrfs acetite of alu- 
mine, according to the quantity of fugar of lead employed. 
In the neighbourhood of London, the proportions are 61 b. 
of alum, and 31b, of fugar of lead to a gallon of water : when 
thefe are completely diflblvtd, one ounce of Spanilh white 
is added, and the whole brilkly Itirred till the rffervtfcence 
has in great mtafure fubiided. In a few hours the folution 
becomes cLar, and forms a ftaodard liquor from which, 
bv greater or lefa dilution, may be obtained all the various 
fliadcs of red, yellow, &c. already enumerated. In the 
above formula the proportion of alum is fomewhat too great, 
a part of it remains undiffolved, or immediately recryflal- 
lizes, and fahs to the bottom along with the precipitated 
lead. This excefs of alum is however tiroagly infilled on by 
many calico printers as efiVntial to the purity of the mor* 
daAt, from an idea that thr* putejl part of the alum only is 
taken up in the folution. Thu fad however may be readi^ 
ly difproved by employing this undifTolvcd or recryllailiztd 
alum in the formation of frefh folutions, whofe purity will be 
found in no rtfped inferior to the former. The purity of 
the alum and fugar of lead, and efpecially their being free 
from iron, is of great importance in the preparation of this 
mordant, aud on this account the Dutch fugar of lc-ad is pre- 
ferred } but its high price renders it too txpeniivc except for 
the pale rtds oflight chintz, and other kinds of work, whofe 
great delicacy in the red tints is required. A fubftitute for 
it has been found in the folution of litharge in vinegar, or 
pyroligneous acid, which is afterwards decompofed by the 
addition of alum, and the excefs of acid neutralized by 
Spanilh white as in the former cafe. Great part gf the 
acetite of alumine manufactured and fold under the name 
of red liquor is prepared in thia manner. It is in general 
ufed for yellows, dark (hades of red, and for thofe compound 
mordants into which the acetite of iron enters, and when 
its purity is^of courfe of little confequence. The acetite of 
lime has long been fubftituted with great advantage by the 
writer of this article for the folution of lead, and its ufe is 
becoming daily more known and extended. When carefully 
prepared, it is fcarce inferior to the bell fugar of lead, and 
the impure folutions aufwer equally with the bell, for the 
compound mordants before mentioned. The theory of thefe 
proceflls is the lame in all. The objeA being to obtain a 
folution of alumine or earth of alum m acetous acid. On 
mixing acetite of lead, and fulphate of alumine together, 
a change of bafes takes place ; the futphuric acid unites with 
the lead, and falls down in the form of a white heavy pre- 
cipitate, whilil the earth of alum combines with the acetous 
acid, and remains in folution. The fame takes place with 
the folution of litharge in pyroligneous acid, which is in- 
deed an impure acetite of lead, and when the acetite of l ; me 
is employed inltead of lead, the fulphuric acid ar.d lime 
unite ami form an infolublepo *dcr, which lubfides, though lefs 
quickly than the other, whilil the acetite of alumine remains in 
folution above ; the addition of the Spanilh white is nectftary 
to faturate a (mail excefs of acid which exiils in the folution. 
This excefs is taken up by the lime, and immediately con- 
verted into acetite cf louminc, by the decompofition of a 
frclh portion of alum. 

The acetite of alumine when pure, is almoft colourlefs. 
It has a flight acetous fmdl, and when boiling throws off 
acetous acid in great abundance, and depofits a portion of 
alumme. When evaporated it acquires a thick gummy con* 
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fi Hence, but does not ery Utilize a property which gives it m 
decided advantage over common alum as a mordant. It. 
unites readily with gum, but when concentrated and holding 
much aium in folution, forms with dour a watery pulpy kind 
of patte, which ha«* little adhefion, and from which the fluid 
foon Lparates. The fulphuric fa Its have indeed all a dilpo- 
’fition to injure the thickening quality of flour. 

The affinity of cotton for the earth of alum, is fo ftrong 
as to feparate it from its combinations even with the mineral 
acids. When a folution of common alum properly thicken- 
ed is applied to cloth, a portion of alumine unites With it, 
and the acid, which held it in folution, is fet free, When 
this is accumulated to a certain degree, it prevents any further 
decompofition, and in rinfing carries off the greater part of 
the earth again. When the acid however is volatile, like the 
acetous, and is diflipated as foon as difengaged, there being 
no longer any obilacle, the decompofition goes 011 till the 
whole of the acid is driven off, and the alumiue combined 
'with the cloth. In the infancy of calico printing, and be- 
fore the theory and conflitution of the different mordants was 
properly undtrHood, a variety of fubflances were added to 
the folution, fume of which are retained to this day. 
Verdigrife in the proportion of two ounces to a gallon, is 
recommended by many as tending to exalt the hue ot yel- 
lows, and may in fome cafes be ufeful. Corrolive fublimate 
has been but lately laid afide, and the nitro-muriatc of tin 
was long thought to give fixity and brillancy to reds, when 
ufed in a fm all proportion with the aluminous mordant. In 
general, however, the accto fuipliate of alumine is found ad- 
equate to every purpofe of the calico printer ; we (hall not, 
therefore, perpetuate error by detailing any of thofe unmean- 
ing mixtures which arc dill retained by the ignorant and 
prejudiced. Thefe two mordants, the acetites of iron and 
alumine, and their various combinations, are thofe only 
in general ufe in calico-printing, for producing colour of 
the firft clafs. This application is fo extenlive, and at the 
fame time fo Ample, as to fuperfede the nccelfity of any other* 
Thre folutions of copper are fometimes ufed a3 mordants, 
but they afford colours of little folidity. The folutions of 
tin have alfo been employed, but we Hull fpcak of thefe and 
other earthy and metallic folutions which have been ufed 
with partial fuccefs, when we come to tteat of mordants in 
general. 

Clafs II. 

In this clafs the colours are produced by combining a fo- 
lution of colouring matter with fome earthy or metallic fait, 
capable of giving it fixity when applied to the doth. The 
mordant and colouring matter are here applied at once, and 
the cloth is painted, as it were, or (lained, with the colour it 
is intended to retain, and requires, in general, no farther ope- 
ration than that *f rinfing, to free it from the pafte or gum 
with which it was thickened. 

The colour of this clafs poffeffirt, as we have before ob- 
eyed, in'general great brilliancy, but wants that lolidity and 
fixity which charaderife the colours of the former clafs. 
The union of the mordant with the cloth is weakened by its 
previous combination with the colouring matter, and not be- 
ing favoured by heat, as in the former cafe 5 the triple com- 
bination of vegetable fibre, mordant, and colouring matter, 
wants that folidity which is fo neceffary to conilitute what 
is called a fail colour. 

Mary of thefe, however, are fufficiently durable to be par- 
tially introduced, and intermixed with other colours of greater 
durability, ar»4 fome are indifpenfably ncccffary, as no better 
mode has yet been devifed o i producing them* When the 
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4 hciriift’s art (hall have di (covered means of giving fixity to 
colours thus topically applied, the art of calico printing will 
have arrived at perfection. Syfterr.s of colours may then be 
combined, which are at prefent incompatible, and the tedious 
operation of dyeing and bleaching, with their attendant dif- 
ficulties, be banifhed from the art. Nor is the hope fo chi- 
merical as might at firft be imagined ; fcveral of the mod 
ufeful and permanent colours are of this defeription, as will 
be (hewn hereafter. 

We (hall content ourfelves with deferibingthe leading and 
moll ufeful colours of this clafs, giving, at the fame time, 
the theory of their conltitution. The mere enumeration of 
all the varieties that have or may be formed, would be end- 
Jcfs, and foreign to our purpofe. 

Chemical Black. 

This is the moft iifeful colour of the clafs, and one of in- 
difpenfible ncceffity in certain combinations of colours, 
Where, for indance, it is mixed with drab, olive, and yellow, 
raifed in the dye*copper with weld quercitron bark, or any 
fimilar colouring matter, and where the prefence of any 
fubdance, fuch as logwood or madder, capable of producing 
Si full black, would be ruinous' to the other colours. A 
deep olive, approaching to black, might, inched, be pro- 
duced, by employing a ftron'g iron liquor, as mordant, and 
fifing fumac in the dye-copper ; yet as this would bear no 
comparifon in point of intenfity with the madder or log- 
wood black, and as the force of the colouring in fuch courfe 
of work greatly depends on contrail, the topical or chtimcal 
black, which has all the intenfity required, is almoft con- 
flantly employed. The conftitution of this black is pretty 
nearly the fame in all the different formulas in life. It con- 
fifts always of a folution of iron combined with a fo lut ion of 
colouring matter generally of an adringent nature. On the 
right propoition of thefe two folutions, and on their due fpeci- 
fic gravity or drength depends, in a great meafure, the good- 
nefs of the black. 

I. If to a decoftion of Aleppo galls, in five times their 
weight of w’ater, made into a palte with flour, a folution of 
iron in r.itrous acid of Ipecific gravity j.25 be added, m thfc 
proportion of one meafure of nitrate of iron to eighteen or 
twenty of the former, a black will be formed fit for almoft 
all the purpofes of calico printing, and poUefling the chief 
requifites of this colour, namely, tolerable fixity, and a dif- 
pofition to work well with the black, 

a. In lieu of nitrate of iron, fome calico printers employ 
copperas, in the proportion of one pound to a gallon of the 
decoftion of galls. Half the copperas is direfted to be dif- 
folved in the gall-liquor before it is thickened with flour ; 
the remaining half, diffolved by heat in as much aquafortis at 
will cover it, is added afterwards. This black has tolerable 
fixity, but does not work fo well as the preceding. 

3, Copperas diffolved in various proportions of from four 
to twelve ounces per gallon, will form, with decoftion of 
galls or logwood, blacks of lefs folidity indeed than the 
forner, yet applicable, ncVertheiefs, in many cafes where the 
others are not. 

The conftitution of the two laft mentioned blacks differs 
fomewha* from the firft. We (hall point out this difference, 
and explain, as concifely as poflible, the rationale of the fore- 
going proc^M. 

When a folution of iron in nitrous acid is added to a de- 
coftion of galls, *8 in the firft example, the folution is decom- 
pofed, the iron unites with the gallic acid and tanning prin- 
ciple, whiift the nitrous acid is difengaged. This is proved 
by the black nefs which the folutions affume immediately on 
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bcingr mixed. The difengaged acid, however, Ihortly re-aftf 
on the new compound, the blacknefs gradually difappears, 
and in a few days, if the nitrate of iron has been added in 
proper quantity, the pafte, inilrad of black, is of a dirty 
olive green. If the proportion of nitrate of iron be greater 
than T * Y > this change will be effected iooner ; and if to Hgh 
as the pafte, when applied to the cloth, will be a bright 
orange, like the acetite of iron.* By expofurc to heat and 
air, this colour generally deepens, becomes grey, and at laft 
a full black. In this ftdte it is permanent, and adheres 
powerfully to the cloth. Theft changes of colour depend 
on the folution of the tannate and gidlate 0+ iron in the dif- 
engaged nitrous acid, and the evaporation of the a$id when 
expofed to heat and air on the cloth, Thi* folution of the 
tannate and gallate of iron is indeed an cflVntial requifite in 
the goodnefe of the the nical black. If the difengaged acid 
i*» not fufticient to effeft this, or if it is in too great a ftate of 
dilution, the colour has but a feeble adherence .to the cloth ; 
it is not prefen ted in a ftate favourable to its union with it, 
fince the combination into which the iron has tntered is in- 
foluble in water. It lies merely on the furface, but does not 
penetrate its fibres, and yields readily in the various operations 
to which it is fid j?fted. The chemical black, therefore, of 
the firft example is a folution of the tannate and gallate of 
iron in nitrous ac d. 

The black of the fecond,but more particularly of the third 
example, diffeis from the preceding in the circumftance of 
the iron in the folution being in a lefs oxygenated ftate. We 
may confider this black in its recent ^ate as a mixed folution 
of grten fulphate of iron, and gallic acid, and tanning prin- 
ciple ; for the decempofition of the fulphate is not complete 
till by expolure to air on the cloth the iron becomes fully 
oxygenated. When this black is recently applied to the 
cloth, it is of a pale grcyifh colour, has little fixity, Ample 
rinling in cold water being fuffjcient to fetch nearly the 
whole away. By gradually abforbing oxygen, it becomes 
deeper, and at iail black. The fulphuric acid has no longer 
any aftion on it, and is removed m the firft operation in 
which it is immerfedin water. 

The decoftion of galls ufed for chemical black is varioufly 
prepared. Many calico printers infufe the galls cold i tit 
cafks of vinegar, or pyroligneous acid, fuffering them to 
remain feveral months, occafionaily drawing off the lower 
part, and returning it on the galls. Others fteep them in 
urine. Both thefe modes are vicious, .particularly the laft. 
Simple boiling in water, till all the foluble matter is ex- 
tracted is fufficient, taking care toinclofc the galls in a fack, 
that when fuft they may not raider the decoftion thick. 

Grey. 

By diluting the chemical black of the firft example with 
once, twice, thrice, 6 c c. its bulk c f water, and thickening 
the folution with gum, various (hades of grey arc obtained, 
which require rinling off in water only, and the deeper 
(hades of which have tolerable permanence. 

The theory of thefe mixtures is the fame as of the black, 
from whence they are derived. On the addition of water to 
the olive-green folution, mentioned in the preceding article, 
the colour ihftmtly becomes deep purple, approaching to 
black. This is occafioned by the dilution of the free acid, 
which being 110 longer able to hold the tannate and gallate of 
iron in folution, fets part of it at liberty, which inftantly re- 
gains its colour. JFor the rtafon already affigned, this has left 
adherence to cloth than that in which the folution is more per- 
feft. The addition of a fmall quantity of nitrous acid cflefta 
this* The olive-green colour of the folution it reftored. 
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^fcich, by expofure to the air, and confequent evaporation the fulphate and acetite of alumine, or with the folutions of 
of thc'acid, difappears, and leaves the tannatc and gallate of copper is the fame. Alumine, or the earth of alum, and 
iron more dimly fixed on the cloth. The complete precipi- the oxyd of copper, have an affinity both for colouring 
tation of the combination is afterwards effeded in the opera- matter and vegetable fibre. They form the conntding 
tion of rinfing off in water. link between thefe fubftances, which would otherwife coun- 

teract a feeble union. When a folution of alum is added 


Yellow. 

The falfe or chemical yrllows are generally prepared with 
dec options of French or Turkey berries, and fometimes 
with quercitron bark. The latter fubftance produces pale 
yellows or ftraw colour, but does not afford the deep bright 
orange yellow of the berries. Dr. Bancroft, to whom the 
public is indebted for the introdudion and knowledge of 
this molt ufeful dyeing drug ; indeed, afferts the contrary 
in hiswoik on Permanent Colours ;** and has given a 
receipt for the bark-yellow, which has, however, never fuc- 
cceckd in our hands. 

Berry-yellow . Boil two pounds of good berries, llightly 
bruifed, in a gallon of water during three hours, taking 
care to replace, from time to time, the evaporated water 
with liquor obtained from the fecond boiling of a former 
quantity of berries. When the liquor is cool, add to it 
eight ounces of alum, and if it is intended for the block 
thicken it with flour. If it ip meant for thofe fmall ob- 
jeds in printed goods, which are generally touched with 
the pencil, two ounces of fugar of lead fhould be added 
with the alum, and the colour thickened with gum dragon. 
This yellow is generally paffed through lime water as the 
firft part of the operation of rinfing ; by this means the 
greater part of the earth of alum, which would otherwife 
have been carried off in the operation, is precipitated on the 
cloth, and the colour coniiderably heightened. 

When this operation of liming cannot be performed with- 
out injury to fome other colour, a greater proportion of 
fugar of lead Ihould be added. This decompofes the alum, 
and forms an acetite of alumine, which being more readily 
decompofcd by the colouring matter and the cotton than 
fulphate of alumine, dors not require the affiftance of an 
alkaline folution to precipitate it on the cloth. 

The proportion of berries above direded is for a full 
yellow ; one fourth or one-third left will form, with the 
lame quantities of falts, yellows of great brightnefa. Some 
calico printers add a fmall quantity or nitrate of copper to the 
yellows .intended to be limply rinfed off without liming. 
This heightens the colour, but what is gained in inteniity 
is loft in brightnefs ; for if the folution ot copper be added 
in fufficicnt quantity to produce any very perceptible 
effort, it imparts a dulnefs to the hue which is very detri- 
mental. This is the invariable effed of copper in any 
fhape, whether the acetite, fulphate, or nitrate of copper 
be employed. 

Bark yellow. For a lemon or ftraw colour, it will be 
fufficient to make a decodion of bark by boiling from four 
to fix pounds in a3 much water as is ncceffary during two 
hours, and after evaporating down the decodion to one 
gallon, add to it two ounces of fugar of lead, and eight 
ounces of alum. If not limed, the proportion of fugar of 
lead fhould be doubled. For ftrong yellows, Dr. Bancroft 
direfts the addition of both nitrate ot copper and nitrate of 
lime in quantities fo great, as near feven ounces of the for* 
mer to a gallon of colour. Experience, however, though 
has done juftice to the merits of Dr. Bancroft's difeovery 
of the ufc of quercitron bark, has not verified the, expect- 
ations he had formed of it as a fubftitute for the Turkey 
berries in the topical or chemical yellow. 

The couftitution of thefe colours* whether formed with 


to a deception of berries or of bark, a flight precipitation 
takes place by the union of a portion of colouring matter 
with the earth $ the greater part however remains fufpended 
or held in folution by the acid of the alum. When applied 
to the cloth the farther decompofition of the fait is aided 
by the affinity of this fubftance for alumine, and, when the 
acid is volatile, as the acetous for example, by its conse- 
quent evaporation. The fame takes place with the Solu- 
tions of copper. The operation of rinfing farther aids the 
precipitation of the colouring matter and alumine, by thus 
largely diluting with water; and laftly, when the goods 
are prtvioufly paffed through the lime tube, the decompo- 
fition is complete, the laft portions of earth or oxyd are 
precipitated, and the colour thereby coniiderably exalted. 

The folutions of tin are capable of forming very bright 
and beautiful yellows, with decodions of different yellow 
colouring fubftances ; but the excels of acid which thefe 
folutions neceffarily contain, and their powerful a&ion on 
the cloth, renders their application lefs general than the 
preceding. The folution of tin moft proper for yellows is 
the muriatic, and is formed by digefting, in a low heat for 
fevcral days, the common muriatic acid, or fpirits of fait, 
on fine grain tin. This Solution forms, with bark, a pale 
and lively yellow, and with berries a yellow bordering more 
on orange. Thefe fpirit yellows, however, as they are im- 
properly called, are Uldom ufed except upon dyed grounds, 
and of this preparation for fuch purpofes we /hall treat at 
large under the head of Difchar^ed Work. 

Blue. 

The only blue belonging to this clafs is that produced by 
combining the colouring matter of logwood with the oxyd 
of copper. It is but feldom ufed fince the mode of dipping 
China blue has become generally known ; and indeed its 
want of durability renders it of little value. It may be 
produced by combining almoft any of the folutions of cop* 
per with a decodion of logwood. 

1. Boil two pounds of logwood in a gallon of water, 
and to the decodion, thickened with gum, add eight 
ounces of fulphate of copper* 

2 . To a decodion of logwood as above, add two ounces 
of fulphate of copper, and two ounces of verdigrife. 

Their oolours may either be rinfed off or limed, as bell 
fuits the ftyle of work. The theory of thefe combinations 
is the fame as the preceding. 

Green . 

The chemical or falfe green is a compound colour, and 
confifts of a mixed decodion of logwood and berries, or 
bark, and a folution of copper. Though fugitive, its ufe 
is in fome degree authorized by the impoffibUity of obtain* 
ing a green of greater durability that can be applied in 
figures with the block. The faft green of the calico 

I mnters is the produd of two operations, and is of courifc 
imited in its application, and tedious in its ufe. The pro. 
dudion of a fait green at one operation, or rather by one 
application to the cloth, either with the pencil, black* or 
prefs, is one of the great deftderata of calico printing* 

I. One pound of logwood and two pound of berries 
boiled together during two hours^ and (trained whilft hst 
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upon two ounces of fulphate of copper, and two ounces of 
verdigrife, and thickened with gum, form a good and 
lively green, the hue of which may be varied at pleafure 
by the increafe or diminution of the proportion of log- 
wood. To this fome calico printers add two ounces of 
common fait, and two ounces of fal cnixon or acidulous 
fulphatc of potato. 

2. To one meafure of blue of the firft example in the 
preceding article, add two, three, fou/, &c. mcaiurea of a 
deco&ion of bark, made by boiling fix pounds as before 
dirt&cd for the yellow, and to which, when reduced to 
one gallon, two ounces of fulphate of copper, and two 
ounces of verdigrife have been added. The tone of the 
green depending on the relative proportions of blue and 
yellow, it is, in general, bed to keep the two decodtions 
feparate, to be mixed, when wanted, in fnch proportions as 
may bell fuit the purpofe required. The theory of thefe 
mixtures is the fame as of the blue and yellow already de- 
scribed. To the eye of the mere fpcculative chcmift, the 
addition of common fait and acidulous fulphate of potato 
in the firft example, may appear unneceffary atid unmean- 
ing. They indeed affedl little, either the hue or fixity of 
the colour, but experience has proved that this addition 
facilitates its working with the block, more cfpecially when 
thickened with gum dragon. The caufe of this, in the 
particular inftance before us, is perhaps not very clear. 
The fulphuric falts in general, fuch as the fulphates of 
alumine, iron, and copper, are all unfavourable to working, 
as their Solutions, cfpecially when concentrated, neither 
thicken well with flour nor gum. A faturated Solution of 
copperas cannot be thickened with flour, nor can a ftrong 
folution of the aceto-fulphate of alumine, in which the alum 
is in great excefs ; even with gum it unites with difficulty. 
But if to a folution of copperas, which refufes to form a 
palte with flour, a fmall portion of nitrate of iron be 
added, the whole forma a good and fubftantial palle that 
works admirably with the block ; and half a pound of com- 
mon fait added to the aceto-fulphate of alumine has a limi-' 
lar effedl. In the inftance more particularly before us, the 
addition of common fait forms a muriate of copper by the 
decompofition of the fulphate ; but this laft is in too fmall 
a quantity to affedl the working of the colour very fenfi- 
bly. The caufe of thefe effe&s is to be fought for in the 
very complicated play of affinities, which exift m fuch com- 
pounds, and which future inveftigatiori and difeovery may 
perhaps unfold. The fpcculative philofopher, who is igno- 
rant of the minute details of an art, that involves in it con* 
fideration and difficulties, unfufpefted in the laboratory, 
will hence learn to fufpend his judgment in deciding on the 
merits of a formula, till experience toall have proved the in- 
utility of thofc ingredients which theory would rejedl as 
abfurd. 

But to return to our fubjedl, there is a wide field open 
for experiment and difeovery in the produdtion of greens, 
into which logwood does not enter. A calico printer near 
London, celebrated for his ingenuity and invention in co- 
lours of this clafs, has long employed a green which, from 
its beauty and durability, when compared with the fore- 
going colours, indicate the prefence of indigo as a confti- 
tuent part, Pruffiaw blue in a minutely divided ftate, and 
mixed with bark or berry.yellow has been employed ; but 
the blue in this cafe has fo little adherence to the cloth, 
that mere mechanical force, the operation of rinfing and 
waihing is Efficient to difengage it. With one or other of 
thefe fubftances, however, it is likely that greens much fupe- 
rior in beauty, and probably alio in durability to thofc ge- 
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oerally in ufe, might, by a feriea of patient and well cod« 
du&ed experiments, be readily obtained. 

Pink . 

The pale, and more delicate (hades of red, belong- 
ing to this clafs, are ch^fly fought after in calico print- 
ing. They are employed in giving relief or effedl to other 
admixtures of a more lobercaft, and all the (kill of the co- 
lour-maker is exerted in giving them brilliancy and richnefs 
of tint. They are chiefly produced from decodtions of 
Brazil, nicaragua, or peachwood, and cochineal, raifed and 
fixed on the cloth with folutions of tin, rarely with the alu- 
minous mordants, though delicate and lively colours may be 
produced this way. 

The nitro -muriate of tin is chiefly employed, though, the 
relative proportion of the two acids, and their degree of fa- 
turation with tin, varies almoft with every calico printer. 
The folution itfelf, made according to tftablitoed rule, and 
with the fame properties, varies fo conliderably at different 
times, as wholly to alter the nature of its compounds, with- 
out any apparent caufe of failure. The fource of this dif- 
cordance is to be fought for in the conftitution of the folu- 
tion itfelf, which, from caufes that we (hall endeavour to ex- 
plain, is fubjedl to confidcrable variation. 

Firft, from the ftrengthor concentration of the acids em- 
ployed, which arc feldom uniform or conduit; muriatic 
acid from the lame manufadturer varying often in fpccific 
gravity from 1.12 to to r.iB, and nitrous acid not lelsthaa 
From i . 1 5 to 1.25, without reference to the common dii- 
tindtion of (ingle and double aquafortis. 

When the fpecific gravity of the acids is negle&ed, as 
is but too generally the cafe, thefe differences oecafioa 
ferious inconveniences in the ufe of folutions, whofe pro- 
perties often depend on the accuracy of thtir proportions, 
and on determinate degrees of faturation. 

Secondly, from the impurity of the acids. The muriatic 
acid of commerce always contains iron and fulphuric acid j 
if the former exift in any notable proportion, it is unfit for 
the folution of tin ; the prefence of the latter is of lefs im- 
portance, though, on the whole, unfavourable to delicate 
colours. The nitrous acid varies conliderably in its purity, 
being fubjedl to greater or lefs admixture with the muriatic^ 
the nitre it is made from being feldom free From marine fait. 
The aquafortis of commerce is, in fadl, an aqua regia. This 
variation of the proportion of muriatic acid in the nitrous, 
is of the utmoft importance, fince the properties of the fo- 
lution eminently depend upon this. With muriatic acid 
only, tm forms a coiourlefs and permanent folution, one of 
whole diftinguitoing properties is, its ftrong affinity or at- 
traction for oxygen. With decodtion of cochineal, it forms 
a deep and dull purple-coloured. precipitate, which, how- 
ever, gradually abforbs oxygen, and becomes crimfon, efpe- 
cially when expofed on the filtre. With decodtions of Bra- 
zil and peachwood, it affords crimfon precipitates, varying 
in intenfity with their faturation with tin. It decompofes 
all the combinations of iron with colouring matter, deoxy- 
genating the iron which it carries off, leaving the tin in 
combination with the colouring matter. Thus a madder 
black becomes a red oq the application of muriate of tin. 
On this property is founded the art of printing on dyed 
grounds, of which we (hall treat hereafter. With nitrous 
acid, unlefs very dilate, tin contradls a veiy feeble union 9 
and is generally precipitated as foon as difiofved, in a ftate 
fully (aturafcd with oxygen. The addition of a fmall quan- 
tity of muriatic acid renders this folution more permanent, 
provided it be not fully faturated with tin, and the addition 
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#f larger portions approximates the folution ftill more to 
the nature of the former, and renders it capable of fupport- 
ing a greater degree of faturation. The properties of 
the folution dtpend greatly on the proportion of mu- 
riatic acid, and confeqpentiy of muriate of tin contained in it. 
When fmall, the precipitate with cochineal is bright carmine 
fc*rlet. Jt does not decompoft* the combinations of iion 
with colouring matter, unlefs the folution be far from fa- 
turation, and this tffed is then due to the difengaged acid 
•uly. 

The purity of the tin is another reauifite which fhould be 
carefully attended to. The fine tin of Cornwall, commonly 
called grain tin, fhould be employed. If alloyed with lead, 
it is wholly unfit for thefe purpofts. 

In iieu of muriatic acid, fal ammoniac and common fait 
are oftentimes employed to form an aqua regia with nitrous 
acid. The folution differs little from that formed by a mix- 
ture of the two acids, the allowance being made by the por- 
tion neutralized by the alkali of the neutral fait. 

From this fhort outline of the hiftory of the fubftances 
employed in the formation of the folutions of tin, and of 
the properties of the folutions themfelves, may be de- 
duced fuch general ideas as will elucidate and explain many 
anomalous effeds it their combinations with different colour- 
ing matters, and feein to dired future experiment in the 
difeovery of thofe minute, but often important, conditions 
aecefTsry to the formation of particular (hades oh colour. 

The following examples of fpirit reds, as they are impro 
perly called by calico printers, will iliuflrate fome of the 
preceding obfervations, and may be coididcred as fpecimens 
of the mofl beautiful and brilliant colours it is poflible to 
form upon cotton. 

1. Prepare an equa regia by diffolving two oz. of fal am- 
moniac in one pound of nitrous acid of fpecific gravity r.25. 
To this add two ounces of fine grain lin $ decant it care- 
fully off the fediment, and dilute it with J its weight of 
pure or diftillcd water. 

To one gallon of water add one pound of cochineal, 
ground as fine as flour ^ boil half an hour ; then add two 
ounces of finely pulverized gum dragon, and two ounces of 
cream of tartar, and ftir till the whole is diffolved. When 
the liquor is cool, add one ireafure of the preceding folution 
of tin, to two of the cochineal liquor, and incorporate well 
by flirring. Apply this with the pencil or block, fuf&r it 
to remain in the cloth fix or eight hours, then rinfe off in 
fpring water. This colour wifi be a bright and beautiful 
Icarlet. 

2. Boil 12 pounds ef Brazil chips during an hour in as 
much water as will cover them. Draw off the decodion, 
and pour on frefh water, and boil as before. Add the two 
liquors together, and evaporate llowly down to one gallon. 
To the decodion whilft warm add four ounces of fal ammo- 
niac, and as much gum dragon or frnegal as will thicken it 
for the work required. When cool, add one of the folu- 
tion of tin before deferibed, to four, fix, or eight of the 
Brazil liquor, according to the colour wanted. Suffer it 
to remain from J 8 to 24 hours on the cloth, then rinfe off in 
fpring water as before. The colour will be a pale and delicate 
pink. If it is required deeper, the decodion mud be made 
ttronger, and ufed in the proportion of three or four to one of 
the folution of tin. Nicaragua or peach wood, though not 
fo rich in colouring matter as Brazil, yields a colour, how- 
ever, which is, if poflible, more delicate and beautiful. 
The Ijoe pinks produced by certaip houfts, which have, for 
years been the envy and admiration of the trade, are afford- 
ed by thisfinc dye-wood. 


Thefe colours require no liming, Ample affufion with wa- 
ter being fufficient to precipitate the colouring matter in 
combination with the tin. The theory cif thefe mixttircs is 
the fame as the preceding. They require, however, a greater 
excefs of acid to hold the colouring matter in folution* 
A decodion of cochineal poured into *f faturated folution of 
tin, occafions an inliant precipitate which is not rediffolved, 
and the greater part of which, if applied to cloth, would 
come on in the operation of rinfing. It is fo no crimes ne- 
ceffary to add a fmall quantity of muriatic acid to prevent 
this precipitation, or to corred it when it happtns, and fal 
ammoniac is fuppoftd to have the fame effed, probably by 
engaging the water of thefoluton. 

With the aluminous falts, the decodion of cochineal and 
Brazil forms colours ltfa brilliant than thofe we have juft de- 
feribed, but which are applicable in cafes where the cxccfs 
of acid in the folutions of tin is attended with inconvenience. 

1. To one gallon of water, add eight ounces of finely 
ground cochineal, and two ounces of bruifed galls ; boil 
half an hour, flraia the liquor whilll hot through a fine 
cloth, upon four ounces of cream of tartar and four ounces 
of gum, and thicken with gum dragon. This colour require! 
liming. 

2. Upon 61 b$. of Brazil and 2 oz. of galls, pour on« gal- 
lon of water, let them foak fome time, then boil two hours, 
replacing the evaporated liquor with frefh water. Strain 
through a fine cloth upon 41b. of gum fenegal, and add one 
pint of the acctite of alumine, deferibed in a former part of 
this article. 

The addition of galls in the two precedi ng formulae is 
fuppofed to import folidity to the colours in fome way ana- 
logous to the operation of galling in filk and cotton dyeing, 
of which we (hall have occafion to fpeak hereafter. Their 
conllitution is otherwife the fame as the berry and bark yel- 
lows, and mofl others of this clafs of colours. 

Purple . 

1. If the folution of tin direded for the pink in the la (l 
article be mixed with fix times its bulk of a decodion of 
logwood poured whilft hot upon four ounces of fal ammo- 
niac, and z^lbs. gum fenegal, a bright and lively purple will 
be obtained, the hue of which varies with the ftrength of 
the decodion and the proportion of folution of tm em- 
ployed. 

2. If in (lead of the folution of tin, the acetite of alumine 
before alluded to, be ufed in various proportions of onefixtb, 
eighth, &c. purples differing in (hade and intenfity will be 
formed, applicable in fome cafes, but poffeifing lei's folidity 
than molt of the colours already deferibed. 

The conllitution of thefe compounds is the fame as the 
preceding. 

Olive . 

Olives are varioufly compounded, according to tbe colour 

required. 

i. By mixing chemical black in various proportions with 
berry or bark yellow. The depth and fuliieb of the olive 
depends on the quantity of black* 

By a decodion of logwood added in greater or lefs 
quantity to the bark or berry yellow, 

3. By the addition of copperas or nitrate of iron to de« 
codions of yellow or aftringent colouring matters, fuch as 
bark, fumac berries, weld, £tc. each of thefe produces a dif- 
ferent hue, varying from tbe green olive to a drab or cloth 
colour. By mixing thefe dccodions in different proportions* 
and by varying their ftrength, and the quantities of copperas 
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er nitrate of iron added to each, a multiplicity oF (hades may 
be produced, of which it is impoffible to convey any preciie 
or definite ideas. 

Thefe colours may be indifferently thickened with flour 
or gum, as bell fuits the work required, but when nitrate of 
iron is added to folutions containing gum, the inftant coagu- 
lation that takes place muft be countera&ed by the addition 
of a portion of free nitrous acid. This effe& arifes from 
the ftrong adion exerted by metallic ox\ds, at the maxi- 
mum of oxydation, on mucilage or gum. When the decoc- 
tion is very concentrated, and contains fufficient colouring 
matter to engage the whole of the iron, this effed takes 
place in a l$fs degree, but with folutions adapted to the 
rodudion of the foregoing colours, a coagulation invaria- 
ly takes place, unlcfs counteraded by the prefence oF a 
portion of free acid. Of this adion of metallic oxyds on 
the f Jution of gum we (hall further treat under the article 
Gum. 

Clafs III. 

In this olafs, the colouring matter is (imply held in folu- 
tions, by an acid or alkali, and in that date applkd to the 
cloth without the intervention of any mordant. 

The moil important of thefe colours, is the alkaline folu- 
tion of indigo which forms the topical or. 

Pencil Blue . 

1. Prepared folution of pot-alb, by boiling together 
7^lb*. of quick lime, and I jibs. of pot-alh, in 10 gallons of 
water. Decant off the cicar liquor, and feparate the re- 
mainder (rom the lime by means of the filter. To one 
gallon of this folution, add ilb. of red arfenic, or orpiment, 
and ilb. of fine indigo, both previoufly ground together in 
a mill with fufficient water to form a thick pafte. Bring 
them up gradually to a boil, ttirring carefully all the time, 
and then withdraw the fire. Thicken the folution with the 
beft gum fenegal, and for the pale (hades of blue, dilute 
with one, two, &c. meafures of gum- water. 

The quantities and relative proportions of pot-afh, orpi- 
ment, and indigo in a gallon of pencil blue vary confulerably 
with different calico printers, and within certain limits, it 
appears, that the accuracy of thefe proportions is not of great 
impot Haufman, an intelligent French printer, em- 

ploys I jibs. ofpot-alh,6lbs. of orpiment, and 81b«. of indigo, 
to J l gallons of water; and Oberkampf, proprietor of the 
celebrated manufa&ory of Tony, a ft ill greater proportion 
of indigo. Some printers add brown fugar, and Bancroft 
has propofed to fubftitute this for the orpiment, but with*- 
out fpccefe. 

The folution, when recently made, is a yellowilh green, 
but by expofure to air, becomes gradually deeper, and at 
laft blue. In this ftate, it is wholly unfit for ufe, it contrad s 
no union with the cloth, and is detached (torn it in the 
firft operation of rinfing . 

Of the peculiar nature and properties of indigo, we (hall 
have occauon to treat hereafter, under its proper head, at 
prefent it will fuffice to obferve, that it owes its colour and 
mfolubility in alkalies, to a portion of oxygen intimately 
combined with it. To render it foluble, therefore, it muft 
be deprived of this oxygen, by the action of a fubftanoe 
having a more powerful affinity for it, and the fulphuret of 
arfenic, or orpiment, is uftd for this purpofe. Sulphate of 
iron, has a ft rung affinity for oxygen, and is employed in 
dc-oxygenattng indigo for certain purpofes ; but the oxvd 
of iron not being foluble in alkalies, the folutions of indigo, 
formed by it, become Quickly regenerated by. the abforption 
of oxygen, and cannot even be .transferred from one vcffel 
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to another. The fulphuret of arfenic, on the contrary being 
very foluble in alkalies, prcltnts the double advantage of 
dt -oxygenating the indigo, and of retaining it awhile, in that 
ftate, till on its application to cloth, it becomes expofed fo 
completely to the action of atmofphdric air 9 , as to regain its 
oxygen, colour, and insolubility $ and becomes fixed in it# 
original or blue (late. , 

The copper coloured pellicles, which forms on the furface 
of pencil blue, and is renewed immediately on its removal^ 
arifes from the abforption of oxygen, which, in fpite of the 
adion of the orpiment, is continually taking place. Hence 
arifes that difpolition to unevennefs, which is the great dif- 
advantage of this blue $ the unavoidable expofure fo air of 
{mail portions of the colour during its application with the* 
pencil, reviving greater or lefs portions of indigo, and con- 
fidcrably reducing its ftrength. 

Molt calico printers boil up the quicklime, with the other 
ingredients, thinking its prefence not lc(s neceflary than the 
pot-afh and orpiment ; by this means a confiderjable portion 
of the folution of indigo is taken up by the fediment, which 
careful walking docs not wholly feparafe'. As the adion 
of the lime is confined merely to the alkali, which it renders 
cauftic, and capable of ading with greater force on the 
other ingredients ; it is certainly much piore economical to 
render the pot-afh cauftic before its addition to the indigo. 
A confiderable watte of colour is by this means prevented, 
and . the folution may be thickened the moment the ebullition 
has ceafed without waiting for the depofition, which in the 
old mode takes place. 

Orange. 

The oxyd of iron, when diffolved in acetous acid, forms 
one of the moft ufeful and important mordants, as we have 
already (hewn in the former part of this article. It is alfo 
capable of imparting a very pleating and permanent colour 
Itlrlf to cotton, when applied in folutions of tolerable 
ftrength and purity, and forms the orange, buff, and gold 
Colour of the calico printers. 

t. The folutions of iron in vinegar, ftrengthened by the 
addition pf copperas may be ufed, but tnc purelt. and 
brighteft gold colours are obtained from copperas and fugar 
of lead, in the proportion of jibs*, of the former, and ilb. of 
the latter, to a gallon of water. When thickened with gum, 
and employed undiluted, it affords, when limed, a full ftrong 
gold colour, and with two, four, fix, &c. times its bulk of 
water, various (hades of orange and buff, which refill the 
action of air, alkalis, and foap ; and are rather exalted than 
impaired by frequent walking. The addition of fugar of 
lead, is to increafe the ftrength of the folution. A galloti 
of water diffolves about 4lbs. of copperas. The addition 
of a pound of fugar of lead, enables it to take up another 
pound nearly, and the ftrength of the folution may be ftill 
further increafed by equal additions of the two falts. The 
operation of liming is a Ample precipitation of the oxyd of 
iron on the cloth, and in cafes when this cannot be perform- 
ed, the propprtion of fugar of lead mull be iriereaftd to 
nearly that of the copperas. It is only the paler (hades of 
orange, however, which are to be obtained this way. The 
deep gold colour before named, is not to be procured with- 
out the a\d of a precipitant. Spanifti brown is fometimes 
added to a folution of iron, and employed in fuch a cafe, 
but it cohtra&s rio union with the cloth, and is readily re- 
moved by Ample wattling and beating. When the orange, 
or gold colour, is thickened with flour, a fmall portion of 
nitrate of iron mnft be added to the pafte, for reafons we 
have affigned on a former occaflon. 

2. A beautiful, but fugitive orange, is obtained by boil 
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toff hslf a pound of annotta with ilb. of cauflic pot-afh In a 
gallon of water, and thickening the liquor with gum. This 
colour a<fts powerfully on the fieves and blocks, which it 
very foon deft rays, ind on this account, and alfo from its 
want of permanence is feidom ufed. It may either be lim- 
ply rinfed off, or firft p^fferd through water rendered flightlv 
acidulous with fulphuric acid, or what is ftiil better through 
alum- water, Thw operation is the eery reverfe of liming, 
for here the colouring matter to be precipitated, being htJd 
in folution by an alkali, an acid mull be employed for that 
purpofe. The colour by this means is confiderably heighten- 
ed, and when applied with the pencil, is u refill in fome cafes 
where the other colours will fupport the a&ion of alum-water 
without injury. 

Borax, and even fpirits of wine, are fometimes added to 
the alkaline folution of annotta, and are fuppofed to contri- 
bute to its ftrength and fixity, though ou what principle 
it is not eafy to difcover. 

Green. 

The oxyd of copper, diffolved in volatile alkali, affords a 
pale and delicate green, which is fometimes employed inter- 
mixed with other colours. Turnings of copper, or verdi- 
grife, which 13 more generally ufed, may be digefted in a 
low heat with fpirits of fal ammoniac. Care muff be taken 
that the heat be very moderate, and the veffcl in which the 
folution is made, well Hopped, the ammoniac will otherwife 
be driven off, and loft. When the alkali has taken up as 
much copper as it can diffolve, the folution mull be thickened 
with gum, and applied with the block or pencil. In a few 
days the ammoniac evaporates and leaves the oxyd of copper 
on the cloih, which muft be rinfed to free it from the gum 
and fuperfluous colour. 

The blues produced by alternate immerfion in copperas 
and lime, and alfo in the folution of indigo, by the fame 
fubftancti, properly come under this clafsof colour, as they 
are folutions of colouring matter in lime and alkalis. As 
the proceffes by which they are applied, differ however very 
materially from all tho'fe that we have been treating of, they 
claim a feparate and diftin& notice. For the details of thefe 
operations, and the mode of preparing the paftes for bark 
and pale blue dipping, and the colours for China blue, we 
muft therefore refer our readers to the article Dipping 
Blue. 

Colours, in Dyeing . — There are five fimple, primary, or 
mother colours, ufed by the dyers : from the mixture where* 
of all the other colours are formed $ thefe are blue, red, yel- 
low, black, andbrowri colour j each of which fee under their 
proper head, Blue, Red, &c. 

Of thefe colours, tfoixed and combined, other colours arc 
formed, which are infinitely various, according to the pro* 
portion of the different ingredients that arc employed, or the 
proccffes by which they are blended. Thus a mixture of 
Hue and yellow forms grcen> which is diftinguifhtd by dyers 
into a variety of {hades, according to the depth of the (hade, 
or the prevalence of either of the component parts* Hence 
wc have /ca-green* graft- green. pea-green, &c. &c. Blue and 
red form different (hade&of violet, purple, and lilac. A mix- 
ture of . yellow and red produces orange . Mixtures of black 
with other colours conftitute greys , drabs* and browns . For 
a more particular account of thefe and other colours j and 
the method of procuring and applying them ; fee the article 
Dyeing. See alfo the preceding article. 

The greateft perfe&ion in the art of colours would be to 
find the means of preparing the fineft colours without the 
life either of acid or alkaline falts, which ufually fubjeft 
the colours to change* or clfe are apt to prey upon the 
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cloth, canvas, tee. as we fee In verdigrife, the blue and green 
cry ft a Is of copper, 8 c c. It appears highly probable., that 
the Indians, for making the fine bright and durable colours* 
wherewith their chintzes and callicos are ftained, make ufe 
of metalline folutions ; for fome ftained callicos, brought 
from thence, having been kept 40 or 50 years, the bright 
colours have been cmferved to eat out the cloth* exactly in 
the fame manner as acid fpirits* which diffolve metals, are 
found to do. 

Since thefe, then, are the inconveniences attending fuch 
colours, we ought to fearch for menftruums with which to 
extract colours, which are neither acid nor alkaline $ and for 
fuch metalline oxyds, precipitates, or powders, as will not 
lofe their colours, by being well wafhed to get out their 
falts j to prepare certain metalline matters, by mere cal- 
cination, or the bare affiftance of fire ; and laftly, to lookout 
for native colours, wherein no faline matter abounds. 

Mr, Geoffroy has given a very curious procefs for mak* 
ing two clear, fpirituous, inflammable liquors, which dif* 
fer very little in tafte and fmell, and being mixt together 
give a fine carnation colour, without any fenfible fermenta- 
tion. 

To make the firft of thefe liquors, put a fmall handful of 
dried red rofes into a glafs bottle 5 pour on them rectified 
fpirit of wine, till it covers them an inch ; let this ftand in 
a cold infufioii four or five hours ; then pour off the liquor* 
which will be clear and colourlefs, as when put on. The 
ftcond liquor is made by dropping into re&ified fpirit of 
wine, fo much oil of fulphur, by the bell, or fpirit of vitriol* 
as will be borne in it without giving it any very fenfible aci- 
dity when tafted. When thefe liquors are thus prepared* 
let a fmall quantity of the latter be dropped into fome of the 
former, and the whole will become of a fine carnation colour* 
though there is no fermentation, nor any other change per- 
ceived in it, but barely that of colour. If inftcad of this 
laft liquor, there be added to the firft a few drops of tht 
fpirit of fal ammoniac, the whole will become green. 

Make a flight infufion of galls in water, fo as not to co- 
lour the water 5 make alfo a weak folution of green vitriol 
in water, fo that it may appear colourlefs 5 mix thefe two 
colourlefs liquors together, and an inky blacknefs is imme- 
diately produced ; add to this black liquor a little oil of vi- 
triol, and the hquor becomes pellucid and colourlefs again ; 
then add to this a little fait of tartar, and the whole is black 
again. 

Put a little bruifed camphor into reftified clear oil of vi- 
triol ; {hake the mixture, and it will become black, and 
the camphor will be diffolved ; add to this a little water, and 
the liquor becomes clear, and the camphor is found feparated 
at top, in its own form, and native whitenefs. 

Infufe lignum nephriticum in cold water, and pour off the 
clear liquor. This held up againft the light, appears 
of a fine yellow, but viewed from the light, of a beautiful 
blue ; a little fpirit of nitre put to this liquor makes 
it lofe the power of reflecting the blue rays, and a little 
oil of tartar, afterwards added, recovers that power again. 

Logwood, infufed in water, gives a red colour. l\lt to 
this a little fpirit of urine, and it becomes of a fine putiple ; 
and drop in afterwards a little fpirit of fait* and it becomes of 
a pale red. 

A beautiful blue tin&ure maybe made from filings of cop* 
per, by digefting them in fpirit of urine* hartftiorn* or the 
like. The additton.of oil 01 vitriol deftroys the blue colour $ 
and a little fpirit of fait turns it green 
Pellucid oil of vitriol, mixed with pellucid oil of turpen* 
tine, produces a thick red balfam. And common oil, mix- 
ed with fair water* by means of a little wax* and continued 
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rubbing, turn* into t thick white balfam, called cold 
cream. 

O'i of vitriol, (Milled from quiclcfilver, leave* a white 
powder behind, which, if water be poured on it, become* 
yellow. 

IMolve quickfilver in fpirit of nitre, and to part of it 
add ipirit of urine, and a white powder is precipitated ; to 
another part of the folution add oil of tartar, and a yellow 
powder falls to the bottom. 

D ; p a new pen in fpirit of vitriol, and write with it on 
common blue paper, and the letters will appear red. 

A pellucid folution of faccharum faturni being written 
with on paper, becomes invifible when dried; but the bare 
fumes of an infufion of quick lime, and orpiment, in water, 
will render the invifible writing black and legible. 

Volatile fait of fal ammoniac, which is white, mixed with 
eryllals of copper, which are green, produce a fine purple. 

The original and iimple, as well as the mixt, colours are 
produoiblt by mixture. Thus, if the fun’s rays pafs 
through two pieces of glafs. the one blue, and the other 
yellow, and be afterwards received upon a white paper, the 
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colour there feen is green. The dyers make cloth blue with 
woad, and then turn it green by the yellow herb called lu- 
teola, or dyers* weed. To a yellow folution of, gold in 
squa regia add a blue one of copper in -fpirit of urine, and 
the mixture becomes green. The paiaters every day prac. 
tile this art of producing new colours by mixture. 

Metalline and mineral matters are reducible to a COnfider* 
able, degree of fubtlety, or fmallnefa of parts by fire, or 
dry calcination,' fo as t;o leave them durably poffefled of 
their native or adventitious colours. Thus lapis lazuli, by 
being calcined, becomes the fistc, rich blue called ultrama- 
rine ; light ochre, by the fame treatment, becomes a light 
red, or fielh colour, the moft iifeful Hefti-colour in paint- 
ing. Lead, by calcination, becomes* durably red, and irou 
durably brown ; but a proper method feemi wanting for the 
dry calcinations of the nobler metala, gold and filverj 
though, for the ufea of gilding, thefeare eafily prepared by 
dipping linen rags in their refpeftive folutions, and then 
drying, and burning them to aflies, whereby a dry and fine 
metalline powder is procured. 
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Comb mating* Combs »re not only made for the purpofe 
of cleaning the hair, but for ornament : they are f >mttimes 
fct with brill’ant Hones, pearls, and even Ormond* ; fome 
ag^in arc ftudded with cut ftetl ; thefe are of different fhapes, 
•ami are life cl to fallen up the hair when ladies cl re fa without 
caps. Combs may of courfe be had of all prices, from the 
value of a few pence to almoil any fum. They are generally 
made of the horns of bullocks or of elephants, and lea*horfc 3 
teeth, and fome are made of tortoife-fbcll and ivory, others 
of box or hollv-wood. The horns of biffocks arc thus 
piepared for this manufaftory : the tips are full fawn off; 
they arc then held in the fhme of a wood fire, this is called 
ro'iHing, by which they become nearly as foft as leather. 
\V;ti ! e in .that (late they are flit open on one tide* Mid prcfful 
in a machine between two iron plau a ; they arc then piungt d 
into a trough of water, from which they come out hard avd 
flit; they are then fawn into lengths, according to the fize 
wanted. To cut the teeth, each piece is fixed into a to 1 
called a claw. The maker fits on a triangular fort of a (tool 
to lus work, and under him is placed the claw that holds the 
horn, ivory, &c. that is to he formed into a comb. The 
teeth are cut with a fine faw, or rather a pair of laws, and 
they are fimfhed with a file. A coarfer file, called a rafp, 
is ufid to reduce the horn, &c, to a proper thickncfs ; and 
when they are complcttly made, they are polifhed with char- 
coal and water, and receive their UH finifh with powder of 
rotten Hone. The procefs ufed for making ivory combs it 
nearly the fame as that already deferibed, except that the 
ivory is firft fawtd into ;hin fliccs. The belt ivory comes 
fiom the ifland of Ceylon and Achen in the Eall Indies, as 
it poflfcffes the property of never turning yellow ; it is con- 
fcqucntly much dearer than any other kina, 


Tortoife-lhell combs are much efteemed; a* d there are 
methods of ftaining horn, fo as to imitate it, of which the 
following is one : the horn to be dyad is full to be prefled 
into a flat form, and then done over with a palle, made of 
two parts of quick-lime and one of litharge, brought into a 
proper confidence with foap lcy. This palle mult be put 
over all the parts of the horn, except fuch as are proper to be 
left tranfpartnt, to give it a nearer refcmblance to toitoifc- 
(hell. Ti e horn mull remain in this ftate till the palle be 
quite dry, when it is to be brufhed off. It requires talle 
and judgment fo to difpofe the palle, as to form a variety of 
tranl parent parts, of different magnitudes and figures, to 
look like nature. Some parts fhould alfo be femi- trail Ipa rent,, 
which may be effe&ed by mixing whiting with a part of the 
palle. By this means (pots of a reddifh brown will be pro- 
duced, fo as greatly to increafe the beauty cf the work. 
Horn thus dyed is manufactured into combs, and thefe are 
fnquently fuld for real tortoife-fhcll. The wages of jour- 
ney mm in this bufinefs are from 2 is. to 3 is, per week. 

In Plate XV, of Mechanics is represented a machine for 
cutting combs, for wirch Mr, WilliamBundy, of Pratt Place 
Camden Town, took out a patent in the year 1796, and the 
lame is dtfciibtd in the Repertory of Arts. The fiame 
A A, fy. 3 of the machine, is like a common lathe, contain- 
ing a ipindte, with a crank and fly-wheel, 1), upon it, turned 
by the alternate motion of the treadle, B, which is moved by 
the workman’s foot 5 E is a wheel fixed on the crank 
fpindle, carrying a line in its groove, eroding between the 
cheeks of the lathe, and puffing over the pulley, F, which 
turns on a centre fixed in the puppet, G; it has two holes 
in it to receive the honied catch, a.fg. 2, (crewed on the 
tnd of an arbor, 4, about feven inches in length, and half an 



COMB MAKING 

inch in diameter ; this arbor is mounted between two circular 
brafs plates, H, I, fig* r, connected by three pillars, it carries 
as many circular fteel cutters, or laws, K,^. 4, as the comb 
to be cut is to have teeth. M, Jig. 5, represents another 
arbor, which is fixed in the frame* plates, Jig . 1, by its ends ; 
it is triangular, and has a piece of lied, L, Jig. 4 (called a 
guide), fitted on it between each faw, on the arbor, b . 
Thefe parts arc put together by firft. putting the end of 
the arbor, b> fig. 2, through the hole iti the centre of the 
frame-plate, I, and fciewing on the catch, a - y the end of the 
arbor, jig. 5, is put into a fquarc hole made ir; the plate, I, to 
receive it, and is fixed by a ferew ; a guide, L,^. 4, is then 
put on the arbor, M, clofe againll the (boulder, d; next a 
cutter, K, is put on the arbor, b t touching its (houider, e; a 
piece of lied plate, N, called a guide-walher, is then put on 
the arbor, M, and another guide, L, clofe to it j the guide- 
wafher is a little thicker than the cutter oppolite it, fo that 
the cutters each turn between two guides without touching 
them. Tlieie being in their places, a fmall waftier, O f 
Jig. 4, is put on the arbor, b x and a cutter, then a guide- 
waftier and guide, on the arbor, M, and fo on alternately, 
till the right number of cutters are put on; the Aiding 
flioulder./.j^. 2, is then taken, and with the o&ajjonai nut, 
g, ferewed fall up againft the Ja!t cutter, put on the arbor, 
b % this will pinch all the cutters and wafher* between the 
fhoulders, e and f, and hold them fad. The fame is done 
to the arbor of the guides , and, laftly, the frame-plate, H, 
is put on the ends of the pillars, and ferewed fall ; the whole 
forming the rcfemb’.agc (hewn in Jig. 1. The frame plates 
with the arbors, as in Jig. 1, arc now to be put in their place 
in the machine, jSf. 3 , the horns of the catch, a, going into 
two holes in the pulley, F, and the other end of the arbor, b % 
into a centre that goes up with a ferew in the puppet, Qj 
the ferews, b, b f are defignrd to fteady the frame-plates 
(which hold the arbor of the guides) again A the dove-tail, 
P P, fupported by brackets projecting from the front of the 
cheeks, fufficiently to let the block, #, which Aides in the 
dove-tail, and holds the comb, be drawn forwards to give 
room for the hand to put in or take out the combs clear of 
the cutter. To the bafe of the dove-tail is ferewed a plate, 
■holding one of the centres for a worm-wheel, t f whofe axis 
is made of fteel, and has its end cut with a deep thread-ferew g 
the ferew-end of this axis works in a centre, fixed to the 
b-ife of the dove-tail, and the block, i, is cut away to pafs 
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clear over it and the threads of the ferews, without touch- 
ing them. The worm-wheel, i, is turned by an endlefs 
ferew, on the arbor of the wheel, r, which receives its mo- 
tion from the pulley, /, by an endltfs line. The block, s, 
which holds the comb, moves in the dove-tail, and is to carry 
the comb towards the cutters while cutting. As the ferew 
on the axis of the wheel, K, is to carry the block up in lieu 
of a nut ; a knife-edge, fattened to a fmall lever, /, moveable 
on a centre in the face of the block, is applied to it, and 
‘kept down (fo that the knife-edge may take into the threads 
of the ferew) by a catch fimilar to the latch of a door, 
which is releafed by puAiing in a thumb* ft ud, and allows tha 
fpring, o t to throw up the lever, /, and difengage the ferew* 
fo that the block may be brought forwards 10 the dove-tail. 

The piece of ivory intended to be cut into a comb, 19 
put under a plate, />, and held down by two ferews to the 
face of the block, whiqh is in the fame plane with the arbor 
of the cutters ; the workman then puts down the knife-edge, 
and the catch keeps it fo ; he then turns the machine by his 
foot, and putties the block towards the cutters (the comb 
retting clofe on the guide*) till the knife-edge take the firft 
tlnead of the lerew, which turns round as before described, 
and putties the block and comb uo to the cutters, as far as 
the ferew extends, and the cutters law the teeth In die comb f 
the thumb- ftud is then puttied in, and the fpring, 0, throws 
the knife-edge up, fo that the block can be brought back by 
hand, and the comb takrn out* The diftance which the 
comb projedU from the face of the block towards the cutter#, 
and confrqucntly the length of fhe teeth, is regulated by a, 
ftraight edge of metal on the top of the block, i, under the 

C ate, p % againft which the back of the comb refts $ it can 
• moved parallel to itfelf acrofs the top of the block By 
two ferews, (which arc feen at the upper comers of the face 
of the blocks), for combs of longer or Burner teeth. The 
fpindle of the crank has a wheel, R, on it, turning an arbor, 
fi, by a line, which carries a fet of cutters for pointing the 
oomos. The arbor is fliewn feparately in Jig. 6 , and a cutter 
In Jig . y ; it is made up in the fame manner as the former 
one, and fattened by a fertw, T ; the ends of the teeth of 
the comb are applied to this cutter by hand, firft on one fide, 
and then on the other, till the points are made. This is 
performed to one comb, while the teeth are cutting in an- 
other. 
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COMBUSTION, a Ijrc, a burning, denotes the decom* 
pnfmon of certain fu Planets, which are thereby called com* 
buftiblcs; accompanied with heat and light. The proerfi 
of combuftion, the various phenomena it exhibits, its afto- 
nifhingeffdfts, its irfi iite ufea, and its devaftation°, have at all 
times, rendered it the principal objed of human attention in 
all the various flages of life. The whole extent of civil economy, 
the preparation of food, as well as of almoft all the articles 
of needfity and of luxury, mod of the arts of more cfiVntial 
ufe to mankind, futh as the manufaftures of metals, of glafs, 
of pharmacy, &c. depend almoft entirely upon combullion. 
The inclemencies of the weather, and the difmal darknefs of 
night, are removed by means of combuftion. The mod ac- 
tive indrumenta of deftrudion depend upon combuftion. 
The greateft feenes of wonder, admiration, and terror, like 
the conflagration of towns, and the eruptions of volcanos, 
are thofe in which combuftion is the fo'e tdor. 

Whilft the wants and the economy of the multitude, have 
at all times called forth their induftry in devifing eafy method* 
of lighting and warming their apartments, of cooking their 
viftuals, &c. $ the calm contemplations of philofophers have 
endeavoured to inveftigate the caufe or caufcs, the commence- 
ment, the progrefs, the various intenfity, and the produftsof 
combuftion. It is natural to fuppofe that their firft ideal 
mud have been extremely fanciful and incoherent j fince the 
preftnt theory, which refts upon the foundation of innume- 
rable experiments and drift rcafoning, is vaftly different from 


any fort of hypothrfis, which even the wifell philofopher 
would have been ltd to form, without the light of thofe 
experiments. 

The firii plaufible theory of combuftion was formed by 
Stahl, an eminent chemift. The (Inking difference between 
bodies combultible and incombuftible ; that is, between 
bodies that are, and thofe that are not fufceptible of com* 
bullion $ induced him to fuppofe that the combuilibles were 
endowed with a peculiar principal of inflammability, which 
the incombuftibles had not, and to this fuppofed principle 
he gave the name of phlogifton . According to this fuppofi- 
tion, when combuilibles were heated to a certain degree, 
they began to part with this phlogifton, and continued to 
burn as long as they had phlogifton to iofe $ after which, 
they remained in a (late of incombuftibility ; hence, in the 
former lUte, thofe bodies were faid to be phlogifticated, 
and in the latter they were faid to be dephlogifticattd. 
With ceitiin brdies the combuftion was attended with a 
reparation of other components, fo that afterwards they 
could not be brought back to their former date by* the 
mere addition of phlogifton ; but with other bodies, as for 
inftance, with the metals, the proceffe9 of dephiogifticatioa 
and phkogillication might be repeated without eud. Thu*, 
a piece of zinc in the metallic (late was fuppofed to be 
loaded with phlogifton, therefore, when expoied to a fuf- 
fieient degree of heat, it would bum, viz, it would part 
with its piilogifton, and would thereby be reduced into the 
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Sate of • calx, dcilitute of phlogifton, and of the metallic 
Appearance } but by placing this calx in contad with bodiea 
which contained abundance of phlogifton, in a proper fitui* 
tion, the calx would thereby be enabled to recover its 
phlogifton, and with it its metallic ftate and oomhuftibiiity. 
It might then be burnt again, and fo forth. Thia plaufiblc 
theory wta no fooncr made known, than it waa eagerly 
adopted by philofophers and chemifta j fo that for a long 
period it remained th? moil prevailing theory of combuftion. 
But though the theory waa univerially adopted, the exift- 
ence of the principle upon which it waa cftablilhed could 
not be proved. There waa no exhibiting the phlogiftion 
by itfelf ; and it waa merely a fuppofition that a body ac- 
quired or loft ita inflammability, according at it waa com* 
bined with, or deprived of, ita phlogifton. A fuppofition 
which, on a clofer examination of fids, waa found inade- 
quate to the explanation of the comcomitant phenomena. 
For inftance, when a piece of zinc (and fuch waa alfo the 
cafe with other combunibles aa far aa they might be fub- 
je&cd to experimenta) of a determinate weight, waa burnt 
and reduced to a calx, the weight of the calx waa found to 
exceed the original weight of the zinc. It waa, therefore, 
evident that it had acquired fomething ponderable, and 
thia waa utterly repugnant to the phlogiftic theory, for by 
the lofa of phlogifton it ought rather to have loft part of 
ita original weight. In anfwer to thia, a ftrange idea waa 
fuggefted, namely, that the pblogifton waa a principle 
of lightnefaj fo that bodies became lighter by the 
addition of pblogifton and vice verfd . IJut this fup- 
pofition, fo fingular and fo repugnant to the gene- 
ral lawa of gravitation, waa foon abandoned by phi- 
lofophera when a variety of decifive experiments, the 
concurrence of recent difcoveriea in other branchea of 
philofophy, and a drift mode of reafoning, introduced a 
*ew theory of combuftion, which ia both fupported by ac- 
curate experimenta, and fufficient to account for the phe- 
nomena. One of the principal labours in the experimental 
inveftigttion, and the full eftabliftunent of thia new and 
rational theory, waa the uufortunate Lavoifier, to whofe 
genius, and to whofe perfevering induftry, the feientific 
world tnuft ever think itfelf indebted. 

In order to render thia theory more eafily under flood by 
the reader, we (hall prefix the following experiment. Take 
a glafs veiTel of a cylindrical (hape, having a ftopple capable 
of excluding the entrance or exit of any air, and let the 
outfide of thia veflel be graduated, fo as to divide its capa- 
city into pretty fmall portions. Put into thia veflel, full 
of common air, a piece of dry phofphorua of a determinate 
weight $ clofe the veflel tight, and heat gradually that part 
of it in which the piece of phofphorua (lands, by means of 
the flame of a candle. Aa foon aa the phofphorua has 
been heated to a certain degree, it takes fire of itfelf, burn- 
ing with a flame and thick white fmoke ; but it foon 
ceafet to burn. Suffer the veflel to cool, and the fmoke, 
will fall in the form of flakes, if the veflel and the air con- 
tained in it were quite dry, otherwife thefe flakes will melt 
in the moitture. It, in this experiment, the veflel be weighed 
before and after the combuftion, it will be found precifely 
pf the fame weight. When the veflel is cooled to the 
afUial temperature of the atmofphcre, plunge the aperture 
of it under water, and in that fituation remove the It op pie. 
You will find that the water rifes in it, which (hews that a 
portion of the air has been deftroyed or abforbed ; in (hort, 
it has difppearecL By meafuring the height of the water 
rifen witrnn the veflel, which is indicated by the graduation 
on the outfide of it ; in general, it will be found that 
about one quarter of the original quantity of air haa 
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disappeared ; and the remainiag air will be found unfit 
for the combuftion of phofphorua or of any other com- 
buftible; and islikewife unfit for the refpiratton of animals, 
fo that if a bird, a moufe, or any other animal be confined 
in it, death will foon enfue. If the water which has ruflied 
into the veflel be examined, it will be found to have con- 
traded h four tafte indicating that an acid has been gene- 
rated* If the veflel, inftead of being opened in water be in- 
verted and opened in quickfilver, then the flakes which ia 
the preceding experiment were diflolvcd by the water, will 
now remain on the furfacc of the quickfilver. This is the 
acid of phofphorua, and if it be carefully gathered and 
weighed, it will be found together with the remaining phof- 
phorus (if part of it remains unburned), equal to the 
weight of the original quantity of phoiphorus together 
with the weight of the air that has disappeared* Therefore 
it ia evident that the whole procefa of combuftion cenfifta ia 
a decomposition of the pureft part of refptrable or atmofphe- 
rical air ; the pure part of it, which is about a quarter of 
the whole, is decompofed, its bafe is abforbed by the com- 
buftible, and generally communicates to it acid properties, ia 
confequence of which that po? tion of the atmofpherical fluid 
has been called oxygen gas, from the Greek ; meaning the 
acidifying principle. Therefore, in combuftion, the deconw 
pofition of theoxygea gas ia effefted by the burning body, 
when this body has been heated to a certain degree, which 
degree varies with the nature of the body. The bsfe of 
the oxygen gas is abforbed and fixed by the burning body, 
which has thereby its weight increased, and its nature 
changed; whilft ‘the caloric being difengaged, paflta 
oft in the ftate of fcnfible heat, and iometimes with (uch a 

C ortiofi of light as gives the appearance of red or white 
eat. Acids in general are formed from the abforption of 
en during combuftion. See Oxygen Gas. 
hen the combuftion is accompanied with red heat, but 
not with flame, it is called ignition. But ignition may alfo 
be applied to incombuftible fubftances, for thefe may be 
rendered red or white hot, without fiiffering any decom- 

K fit ion. When a vapour anting from the heated body 
ms over it, it is then called inflammation \ and when the in- 
flammation is rapid and attended with noife, it ia called di* 
tarnation . Having now compendioufly ftated the new the- 

ory of combuftion, it ia neceflary to add feveral neceflary 
remarks refpefting every part of it, which could not be in- 
termixed with the theory without rendering it confufedand 
lefa intelligible. 

In the firft place, fince the procefa of combuftion con* 
fids in a decompofition of oxygen gas, the generalizing fpi- 
rit of modem philofophy includes every proctfs, in which 
oxygen gat ia decompofed, under the gruerql name of com- 
buftion $ thus, animal refpiration, in which this gaa ia de- 
compofed, ita bafe abforbed, and heat evolved ; may be 
reckoned amongft the procefles of flow combuftion. See 
Respiration. The gradual abforption of oxygen by 
metallic bodiea may alfo be reckoned amongft thole pro* 
ceflea. 

Since combuftion confifta in a decompofition of oxygen gaa, 
it naturally follows that without oxygen no combuftion cai 
take place. The oxygen, however, may be contained ia 
other fubftances, in confequence of which thole fubftancea 
become capable of afiifting combuftion. Now there are 
(even of thofe fubftances, which, from their containing 
oxygen, are called fupporters of combuftion $ ana 
thefe are oxygen gaa, atmofpheric air, nitrons oxyd, 
nitric oxyd (which ia procured by digefting copper 
and mercury in diluted nitrous acid, and colled mg 
the gaa which ia extricated), nitric acid, oxygenized mo- 
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Tiatic acid, and hvperoxygenized muriatic acid. See the 
nature of tl.ofe fubllances under the article Gas. It alfo 
follows that with a given combulbb’e, thc-qnickoefs of the 
decompofition is proportionate to the fupply of oxygen, 
which flitrws the reafon why a fire is increafed by blowing 
common air, and much more by blowing oxygen Gas upon 
it. But caettris paribus with different corrbudiblep, the 
fire ififtrongeft when the combuftb’e has the llrongcft at- 
tra&ion for oxygen. The flame of hydrogen gas urged by 
oxygen gas is reckoned to produce the moll intenfe heat. 

A combuflrble body, though expofed to oyxgen, generally 
requires to be heated to a certain degree b » >re the combullion 
commences. That degree varies with the nature of the body, 
and the purity of the oxygen ; fo much fo that fome of 
them, though not many, take fhe immediately on bring ex- 
ofed to fome of the above-mentioned fupporters of com- 
uilion in the common temperature of the atmofphere, 
whilft others muft be heated to a red and even to a white 
heat, before the decompofition takes place. 

When the combullion has once commenced, the heat or 
caloric, in the form of fenfible heat, which is extricated 
from the oxygen gas, raifes the temperature of the adjacent 
parts of the combullib’e to that degree wh’ch is receffary 
for its combullion, and the heat evolved by the b irning of this 
part heats the next and fo on. But this is not the cafe 
with all forts of combuflibles; for fome there are which 
mull b? k*pt up at a given high temperature in ordrr to 
effedt their con bullion, and a diamond is of this fort. 
However the naturo of combuflibles in this refpeft varies ac- 
cording to the purity and quantity of oxygen. For in (lance, if 
a (lender ftcel wire be expofed to the flame of a candle in com- 
mon air, that part of it only will burn, which is afled upon im- 
mediately by the flame; but if the fame wi*e be lighted by 
means of a bit of tinder, and thm he plunged in a vefltl 
full of oxygen g as, it will bum fucccflively to the very end, 
like a flip of paper ; exhibiting a remarkable bright light, 
and very conliderable heat. 

Of the Ample bodies of nature, the chtmifts reckon 
three eombuftible ones, and two that are incombuftible. 
The former are fulphur, phofphorus, and hydrogen ; and 
the latter are azote an^ muriatic acid $ but amongll the 
compound bodies, the combuflibles are much more numerous. 
Such are oils, acids, and a vail variety of others which bring 
of a flu&uating nature need not be particularly fpccified. 

A variety of experiments, which may be found under the 
article Gas, prove that gaffes owe their clallic nature to a 
confiderable quantity of caloric, which muft ncccffarily com- 
bine with their bafe, in order to a flume the aerial form. 
Therefore, when, iu confequcnce of the fuperior affinity of 
the combuftible for oxygen, the oxygen gas is deeompofed, 
and its bafe condenfed, the caloric, which was neceffary to 
it3 atrial form, being fet at liberty, appears in the form of 
fenfible heat ; hence the heat which accompanies combuf- 
tion is naturally fuppofed to proceed from the oxygen gas ; 
and the quantity of it vat its according to the rapidity of 
the proccfs, fo much fo that in certain proctflcs like the de- 
cornpofition of oxygen tffeded by metallic fubftances in 
common air, it is not attended with any fenfible degree of 
heat j for the heat evolved, being very flight, is mftantly dif- 
lipated among the ftirrounding bodies. . 

With certain combuftible bodies a peculiar proccfs takes 
place. It is a remarkable flow proccfs of fpontaneous 
combullion. The body, by attra&ing oxygen from the at. 
mofpherc, becomes thereby gently heated, in confequcnce 
of which its affinity to oxygcti is increafed, a greater de- 
compofition of the latter enfuea, more heat is evolved, and 
thus the proccfs is gradually accelerated until flame and 
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vifible combullion take place. Such is forretimes the cafe 
with hay, the faw-duft of certain woo^s, and various other 
fubftances. The well known mixture of iron filings and 
fulphur moiftened with a little water, is an inftance of this 
fort ; for if this mixture be buried a little below the furfacc 
of the ground, it will of it fell, after the Japfe of feverd 
hours, burft forth in a ftate of ignition. This experiment 
has been generally called the athftaal volcano 

Though heat iu combuflion is derived from the oxygen 
gas, the derivation of light is not fo evident. It hat 
been for a long time fuppofed that this element alfo 
was one of the components of oxygen gas ; but the 
obfervation9 made refpeding the light yielded by fe- 
veral bodies when they are flightly heated, or even 
fportaiieoufly, and that fome of them wield much more 
li^ht than others, feem to prove, that light forms a compo- 
nent principle of mod bodies, and that it is evolved from 
the combuftible. It is likely, however, that part of it may 
be derived from the oxygen alfo. 

The following lift of bodies fubje& to fpontaneous in- 
flammation is given by proftffor Bartholdi; meaning the in- 
flammation occationed by different bodies acting upon each 
other, without the aid of another body previoufly in a ftate 
of combuflion. 

1. Fri&ion. Thus pieces of wood rubbed againft each 
other are thereby inflamed. The btft for this purpofe are 
box-wood rubbed agair.il mulberry, or Lurel againft poplar, 
or againft ivy, &c. It is in confequence of friftion tnat the 
wheels and axh nees of carriages fometimes take Arc, when 
they are not fufliciently grealed. In turning alfo., pieces of 
wood fometimes take fire. 

2. The aclion of the fun's rays concentrated by lenfes, 
or concave refleftors, or even by p'ane refleftors, provided 
their rrfleftions be thrown .upon the fame fpot. See Burw- 
lnc-Glafs, and Rtflcctors. 

3. The fudden flacking of quicklime has fometimes 
been known to produce the combuflion of adjacent bodies. 

4. The fermentation of animal and vegetable fubftances. 
Thus great accumulations of hay, turf, or flax, aud hemp, 
heap? of linen rags in paper mills, 5c c. take fire, provided 
they arc not quite dry ; for without moifture, fermentation 
and the confequent evolution of heat cannot take place. 

/!• The accumulation of aninnl and vegetable fubftanccfr 
covered with an oil, especially when the oil is of a drying 
quality. Thus lamp-black mixed with linfeed oil is apt to 
take tire, and an earth of a brown colour, called the biack 
*tva<l of Derby/hire, fprinlried over with a little linfted oil, 
takes fire aud appears red-hot like burning fmall coal, in 
about an hour’s time. 

6. There are feveral fubftances, which have the property 
of inflaming fpontaneoufly, increafed by torrefaftion. 
Coffee, French beans, lentils, &c. are of this nature. 

7. Sulphurated and phofphorated hydrogen gas. The 
caufe of fuburraneous fires and volcanoes in general, is attri- 
buted to the decompofition of pyrites, or metallic fulphur- 
ets, buried in the interior of the earth. Thefe pyriton* 
maflea are decompofed by the contaft and concurrence of 
water and air, and the decompofition is always accompanied 
with a great extrication of caloric, and a disengagement of 
a very inflammable gas, called fulphur ated hydrogen gas* 
This gaB in flames at an elevated temperature, and com- 
municates the inflammation to the fulphur of the pyrites, to 
the coal and other bituminous matters, which generally ac- 
company it. 

8. Suiphuret and phofphwet of lime tad of potafli, 
formed in the combuflion of feveral vegetables. 

9* Phofphorus fometimes contained in charcoal 
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The laft particulars which we need take notice of, con-* 
cerning the theory of combo (lion, are its prodn&s. But 
thefe mud not he millaktn for thofe bodies which exilled 
in certain cowbultiblca, and have been left by them ft Ives 
when the other components of the combnilible have been 
feoarated, fuch as earthy pnrtiolcs, See. The real produ&s 
of combullion are thofe which did not cxill before, and 
thefe, upon a drift examination, will he found to he either 
water, or an ox}de, or an aetd. Water conlills of oxygen 
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aji) hydrogen. See Wati.r. An oxyde is a compound 
of the combuilible with oxvgtn, hut not fuch as to poflefs 
decided acid properties, (and the p^ocefs is callrd osydaiiou ) 9 
or an acid, wh’ch confids of the acidifiable part of tne com- 
budible, combined with oxvgtn fufficicntly to give it decided 
acid properties. Thus, the combination of carbon and 
oxygen forms ill*: carbomc add gas, ar.d this is produced in 
almoft every combullion, alfo in rtfpiration. Sec, 
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COMMERCE, the interchange of commodities, or the 
difpofal of produce of any kind for other articles, or for 
f6me reprefentative of value for which other articles can be 
procured, with the view of making a profit by the tranfac- 
tion. The term is ufually rtftri&ed to the mercantile in- 
tercourfe between different countries 5 the internal dealings 
between individuals of the Gme country, either for the fup. 
ply of immediate confumption, or for carrying on manufac- 
tures, being more commonly denominated trade . 

The mutual convenience of an exchange of commodities, 
muff have been evident almoft as foon as any part of man- 
kind had acquired an idea of diftinft property ; the difficulty 
of communivat'on between d.flerent countries muff, however, 
have long mulcted commercial intercourse very limited and 
uncertain. The dangers attending long journos induced 
thofc who engaged in tr ding to diltait. parts, to aflbeiate 
together tor mutual affi'Unce and defence ; and thefe com 
panies of merchants, or caravans, were well adapted for the 
impiowment of commerce, from the information which the 
individuals computing them would communicate to each 
other, and the connections they m'ght occafionally form. I11 
the book of Gmefis, mention is made of the companies or 
caravans of Khmaelite merchants tracing in fpiccs from Gi- 
lead into Egypt ; to one of whom Jofeph was fold, about 
620 years a ; ter the flood. But this mode of communication 
between different countries was inefficient for the entcr- 
prifng fpirit of commercial adventurers j remote countries 
cannot convey their commodities by land to thofc places 
where, on account of their rarity, they are moft dvfired, and 
confequently become moft valuable. It was not till fome 
progrels had been made in thr art of navigation, that the 
power was acquired of tranfporting with facility the fuper- 
fluotis ftock of one part of the earth to fupply the wants of 
another part, and that the a&ive fpirit of commerce could 
extend its multifarious concerns to ail the known parts of 
tbeglobe. 

The Egyptians, foon after the eftabliftiment of their mo- 
narchy, are laid to have opened a trade between the Arabian 
Gulph or Red Sea, and the weftern coaft of the gTeat In- 
dian continent. The commodities which they imported from* 
the eaft, wtne carried by land from the Arabian Gulph to 
the banks of the Nile, and conveytd down that tiver to the 
tMediterraqcf}nr : but the maxims and manners of Egypt were- 
inimical to "commerce, and this profitable traffick fopn de- 
clined. ^ 

The fituation and circumftances of the Phcnieiarrs nat’u~ 
rally led them to look to commerce as the only fource from* 
which th*-y could derive opulence or power ; and according- 
ly, the foreign trade carried on by them, particularly from 
Stdon and Tyre, became more extenfive and important than 
that of any ftatc in the ancient world. Their fhips not only 
frequented all the ports in the Mediterranean, but they were 
; the firft who ventured beyond the ancient boundaries of na- 
vigation, and palling the ftreisrhts of Gibraltar, vifited the 
weftern coalls of Spain and Africa. They revived a com- 
mercial intercourse with Arabia and the continent of India, 


on the one hand, and with the eaftern coaft of Africa on the 
other; the cargoes which they pnrehafed in Arabia, Ethi- 
opia, and India, being landed at Elath, the fafeft harbour 
in the Red Sea towards the north ; thence they were carried 
by land to Rhinocolura, the diftance not being very con- 
fiderable, and, bring re-fhipped in that port, were tranl’port- 
ed to Tyre, and diftributed over the world. 

The wealth which the Phcnicians acquired by monopo- 
lizing the commerce of the Red Sea, incited their neigh- 
bours, the Jews, under the profperoua reigns of David and 
Solomon, to aim at being admitted to fome fhare of it. So- 
lomon fitted out fleets, which, navigated by Phenician pilots 
and mariners, failed from the Rtd Sea to Tarftiifh and 
Ophir, from whence they brought fuch valuable cargoes as 
fuddenly diffufed wealth and fplendour through the king- 
dom ot Ifrael. But the inftitutions of the Jews were by 
no means favourable to commerce, which was never carried 
to any great extent by them while they inhabited Judea. 

The Carthaginians applied themfelves to commerce and 
navigation with ardour, ingenuity, and fuccefs ; but as the 
Phenicians had engrofled the commerce of India, their ad- 
ventures were chiefly made to the weft and north. Follow- 
ing the courfc which the Phenicians had opened, they ex- 
tend'd their voyages beyond the Ihores of the Mediterranean, 
viliting not only all the coafts of Spain, but thofc of Gaul, 
and penetrating at laft to Britain. They made voyages of 
difeovery in different dire&ions, and thu3 eftablifhed a com- 
mercial intercourfe with places which before were wholly 
uuknowrt ; but whatever knowledge of this kind they ac- 
quired, it was concealed from the inhabitants of other ftatet 
with the utmoft care. 

The Greeks, although their country was almoft encom- 
paffed by the fea, wh ch formed many fpacious bays and com- 
modious hirbours, and though it was lurroundtd by a num- 
ber of fertile iflands, were, notwithftanding fuch a favour- 
able iituation, a long time before they attained any degree 
of perfection in navigation. They fcarccly carried on any 
commerce beyond the limits of the Mediterranean. Their 
chief intercourfe was with the colonies of their countrymen 
planted in thelefler Afia, in Italy, and >n Sicily. They fome- 
times vifited the ports of Egypt, of the fouthern provinces 
of Gaul, and of Thrace, or paffing through the Hellefpont, 
they traded with the countries iiruated arbund the Euxine 
fea. The expedition of Alexander into the eaft contidcr- 
ably enlarged the geographical knowledge of the Greeks. 
He had observed the rtfource* which commerce creates, in 
•the exertions of the republic of Tyre, and therefpre it be- 
came part of his plan to render the empire which he pro- 
pofed to eftablifh, the centre of commerce as well as the 
feat of dominion. With’ thUf view, he founded Alexandria 
near one of the mouths of the Nile, that, by the Meduer* 
ranean fea, and the neighbourhood of the Arabian gulph, it 
might command the trade both of the eaft and weft. This 
fituation was fo judicioufly chofen, that Alexandria foon 
became the chief commercial city in the world. Not only 
during the fubfiftence of the Grecian empire in Egypt and 
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in the till, but amidft all the fuccceding revolutions of thofe 
countries, commerce, particularly that of the Eaft Indies, 
continued to flow in the channel which the fagacity and 
forefight of Alexander had marked out for it, till the d?f- 
covery of the navigation by the Cape of Good Hope opened 
a more expeditious and independent channel to ail the ma- 
ritime ftates of Europe* 

In the early periods of the Roman hiftory, commerce ap- 
pears to have been much neglected and undervalued; it 
teems to have been thought a degrading employ by this mi- 
litary people, and to have been left almoft entirely in the 
hands of the natives of the countries they conquered. The 
cxttnt, however, of the Roman power, which included the 
greateft part of the known world, the vigilant infpeXion of 
the Roman magistrates, and the Writ of the Roman go- 
vernment, no left intelligent than aXive, gave firch additional 
fecurity to commerce, as animated it with new vigour; and, 
as foon as the Romans acquired a tafte for the productions 
of other countries, commerce, particularly the trade with 
India through Egypt, was pufhed with new vigour, and 
carried on to a greater extent. The pilots who failed from 
Egypt to India firft ventured to quit fight of the (bore, and 
depending wholly on the trade winds, boldly failed from 
Ocelis at the mouth of the Arabian £ulph, acrofa the ocean, 
to the coaft of Malabar, returning with the eaftern monfoon, 
and thus procuring the fpiccs and other rich commodities 
of the continent and iflands of the farther India, which were 
brought to the port of Mufiris by the Indians themfelves* 
The commerce thus carried on will appear confiderable even 
in the prefent age, as the trade with India is faid to have 
drained the Roman empire every year of more than four 
hundred thoufand pounds, and that one hundred and twenty 
(hips failed annually fn.m the Arabian gulph to that coun- 
try. The reign of Auguftus was very favourable to com- 
merce, as the peace which then prevailed over the civilized 
parts of the world, enabled the merchants to purfue it un- 
moleftcd. Under Tiberius we find the Romans extending 
their proteXion to the north, and the town of Havern. the 
mod ancient in Friefland, founded. Under Nero, the capi- 
tal of England is firft mentioned as a confiderable place, 
Tacitus, who lived for fome time at London, fays it was 
famous for its many merchants, and plenty of its merchan- 
dize. Rome, however, as the feat of wealth and luxury, 
continued to be the metropolis of the commercial world, 
until the fourth century, when Conftantine removed the feat 
of empire to Conftantinople, and made it the emporium of 
commerce. This city was undoubtedly well adapted for 
that honour ; it was favoured by nature with a fine climate, 
and in a mod advantageous fituation for carrying on an ex* 
tenfive correfpondence with every part of the world then 
known. 

The invafion by the northern nations in the fifth century, 
not merely arrefted the progrefs of commerce, but tffeftually 
diflolved all commercial connexions, and deprived the mer- 
chants of any market for their commodities. Europe be- 
came parcelled out into many fmall and independent dates, 
differing from each other in language and cuftoms ; no in- 
tercourse fubfifted between the members of thefe divided 
and hoftile communities; their mode of life was fimple, they 
had few wants to fupply, and few fuperfiuities to difpofe oh 
Cities, in which alone an extenfive commerce can be carried 
on, were few, inconfiderable, and deftitute of thofe immu- 
nities which produce fecurity or excite enterprise. It be- 
came difagrccable and dangerous to vifit any foreign coun- 
try, and thus the knowledge of remote regions was loft ; 
their fituation, their commodities, and almoft their names, 
were unknown# The prefervation of Conftantinople from 
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the general definition, however, prevented commercial in* 
tercourfe with diftant nations from ceafing altogether. In 
that city the knowledge of ancient arts and difeoveries wai 
preferred 5 a tafte for fplendour and elegance fubfifted ; the 
produXiom of foreign countries were in requeft ; and com- 
merce continued to flourifh there when it was almoft extinX 
in every other part of Europe, The merchants of Con- 
llantinople did not confine their trade to the iflands of the 
Archipelago, or to the adjacent coafts of Afia ; they took 
a wider range, and following the courfe which the ancients 
had marked out, imported the commodities of the Eaft In- 
dies from Alexandria. When Egypt was torn from the 
Roman empire by the Arabians, the mduftry of the Greeks 
difeovered a new channel, by which the produXions of In- 
dia might be conveyed to Conftantinople. They were car- 
ried up the Indus, as far as that great river is navigable $ 
thence they were tranfported by land to the banks of the 
river Oxus, and proceeded down its dream to the Cafpian 
fca. There they entered the Volga, and failing up it, were 
carried by land to the Tanais, which corrdu6\ed them into 
the Euxine fea, where vefiels from Conftantinople waited 
their arrival. This extraordinary and tedious mode of con- 
veyance, Dr. Robcrtfon obferves, is a proof not only of the 
violent paffion which the inhabitants of Conftantinople had 
conceived for the luxuries of the eaft, and of the ardour and 
ingenuity with which they carried on commerce, but it de- 
monftrates that during the ignorance which reigned in the 
reft of Europe, a knowledge of remote countries was ftill 
preferved in the capital of the Greek empire. Robcrtfon’s 
Hid. Amer. vol. i. 

The devaftations of the Huns in Italy induced many of 
the richeft inhabitants of the country near the bottom of the 
Adriatic, to fly with their beft effeXs into the numerous 
fmall fandy ifles lying amongft the (hallow waters near the 
(hores of the continent ; on which ifles, about feventy-two in 
number, they built fuch habitations as their circumftances 
would admit 5 and here by degrees arofe the celebrated com- 
mercial city of Venice. Neceflity firft obliged them to de- 
vote themlelves to commerce, the eariieft branch of which 
WHS naturally the fiftieries. Their next commercial objcX 
Was the manufacture and exportation’ of fait. Thus by the 
application of its inhabitants, and the fecurity of its fitu- 
ation, Venice gradually became the general magazine for 
the merchandize of the neighbouring continent, to which 
the many rivers that fall into the Adriatic fea greatly con- 
tributed ; and as the Venetians in time became the carriers 
of this merchandize into diftant countries, they were enabled 
to bring back raw materials for various manufaXures which 
greatly enlarged their commercial dealings. 

In this manner, Venice firft, and Genoa, Florence, and 
Pi fa afterward, from inconfiderable places became populous 
and wealthy cities, and laid the foundation for the revival of 
commerce throughout the Mediterranean, which, in procefsof 
time, was extended to the countries of Europe without the 
(freights of Gibraltar. The free cities of Italy, were, for 
fweral centuries, the only places in Europe, weft of the 
Eallern or Greek empire, which had any confiderable com- 
merce, or any valuable manufaXures for the fupply of other 
nations. Their merchants frequented Aleppo, Tripoli, 
Alexandria, and other ports of Syria and Egypt, where 
they procured the produce of India; and vifiting the mari- 
time towns of Spain, France, the Low Countries, and Eng* 
land, by diftributinjg their commodities over Europe, com- 
municated to its various nations fome tafte for the valuable 
produXions of the eaft, as well as fome ideas of manufac- 
tures and arts, which were then unknown beyond the pre- 
cinXs of Italy# 
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The firft mention of the city of Antwerp, afterwards fo 
famous for its trade, is in the year 517, when Theodoric 
expelled the Danes from it. Some towns in England, as 
Cliichefter and Abingdon, are faid to have been founded 
about this time, which (hews that trade and matfuia&ures 
were gaining ground in this country. 

The wr fettled iiate of Europe, arifing from the fierce 
and reftlcf* difpofition of the barbarous tribes who had 
taken pofliffion of the weftirn empire. ca n ft d forfeveral cen- 
turies a great ftagnation of commercial intercourfe. Ve- 
nice however continued to improve its commerce, and Lon- 
don became “ a mart town of many nations, which repair- 
ed thither by fea and land.” Some of the Italian cities be- 
gan to aflume a degree of independence, and feveral towns 
were founded in Germany and Flaneurs, which afterwards 
became of much commercial importance. The commerce 
of Europe revived a little under the government of Charle- 
magne, who, among other endeavours to promote it, is faid 
to have formed a projed for uniting the two great rivers of 
the Rhine and the Danube, and thus forming a communica- 
tion between the German octan i*tid the Black fea, without 
failing up the Mediterranean. But his engineers had not 
fufficient fkill to overcome the difficulties they met with, 
and the undertaking was foon relinquiflvd. In a letter from 
this prince to OfTa, king of Mercia, he grants leave for fuch 
Engliffi as went in pilgrimage to Rome, to pafs through 
liis dominions free; but fuch as travelled for the purpofes of 
tiade were to pay 'the enftemary tolls; and promifes that 
the merchants foould have legal patronage and red refs of 
grievances. Thefe merchants were probably perfons who 
carried their whole ftock wi'h them, which of courl’e could 
not be of any very great amount. 

The eft abb foment of Chriflianity in Germany produced 
a much more intimate and regular correfpondence between 
the north of Europe, and the earlier Chriliianized coun- 
tries of Italy, France, Spain, and Britain ; fo that their 
fuperflnities and produce were mutually communicated to 
each other, while Germany received by degrees, from its 
intercourfe with thofe countries, confiderable improvements 
with refpeft to agriculture, mining, viue*dreffiug, manufac- 
tures, and the arts, more immediately conducive to the 
comforts of civilized life. It confiderably increased the ci- 
ties and towns where cathedral churches and houfes for the 
hilltops and clergy were ere&cd. Thus the propagation of 
Chriftianity greatly favoured the advancement ot commerce 
in the north of Europe ; while Charlemagne by his con- 
queft of Italy, and by rebuilding and reitoring miny of 
the decayed cities of that country, infpired thole cities with 
the fpirit of commerce, manufacture, and navigation, for 
which they became in after times fo juftly famous. This 
period may beconfidered as the firft dawn of the revival of 
commerce in Europe ; for although fubfequent to this time 
the Saracens or Moors, and the Normans, by their ravages 
and conquefts in various parts, greatly obftrudted and re- 
tarded its progrefs, yet in fpitc of all oppofitiom, the free 
cities in both the extreme parts of Europe in confequcnce 
of the increafe of their wealth and population from the en- 
couragemcnt of commerce, gradually arofe to very confider- 
able importance. 

In the tenth century, the commercial intercourfe which 
the Germans had previotifly cultivated with the neighbour- 
ing dates was much increafed by the difeovery of valuable 
iilver mmea at Goflar in Saxony, which occaftoned other 
parts of Germany to be explored for mines with confidcr- 
able fuccefs. The woollen manufacture of Inlanders began 
to acquire fome degree of importance, being much encou- 
raged by Baldwin, third carl of Handera, who invited into 


the country all manner of handicraftsmen for making ell 
forts of manufactures, to whom he granted great privileges. 
He alfo tfhbliford annual fairs, and fixed markets on dated 
days of the week at Biugtp, Courtray, Torhout, Mont- 
Caflel, and other places, where merchants could exchange 
their goods for othets; for f ‘by reafon of the fcarcity of money 
nt that lime, the Flemings dealt moftly by permutation, or 
barter of one kind of merchandize for another ; which we 
read was alfo the praCtice of almuft ail the Germans and 
Sarmatians.” 

The republic of Venice had now acquired fo much 
wealth and llrength by the great extenlion of her com- 
merce, as to have become a formidable political date, and 
having annexed to their dominions many cities and towns on 
the tad coall of the Adriatic fe?, the doge of Venice ai’- 
fumed the title of duke of Dalmatia. They cftablifhcd a 
regular commercial intercourfe with the Saracens of Egypt 
am! Syria, (t countries ever famous for the production of 
rice, fugar, dates, fenna, caffia, flax, linen, ba-m,. per- 
fumes, g.ills, wrought filk, foap, 6c c. btfidcs the rich 
fpices and precious Hones of India, brought to thole two 
countries; with all this rich merchandize, the Venetians 
now tr a ded all over the wcftein parts of Europe, to their 
immenfe prolix .** They obtained from the Creek empe- 
rors a freedom from all cudoms and taxes in their empire; 
and in the year 996 the emperor Otho III. likewife granted 
them various privileges, with a right to fet up fairs in fe- 
veral parts of Germany, where they carried on a vail 
commerce. 

The crufades contributed materially to the extenfton of 
commerce during the uth and 12th centuries. The Ge- 
noefe, the Pifans, and the Venetians, furmfoed the tranf- 
ports neceflary to carry the vaft armies that embarked on 
thefe wild enterprises: they alfo fupplied them with pio- 
vi lions and military ilorts. Befides the immenfe fi.ms which 
they received on this account, they obtained commercial 
privileges and eilabhfoments of great confequence, in the 
iettlements which the crufaders made in Paleltine, and in 
other provinces of Alia. From thefe fources they acquired 
great wealth, and a proportionate increafe of power. By 
the expeditions into Alia, the inhabitants of ail the Hates of 
Europe had an opportunity of obferving the manners, the 
arts, and the accommodations of people more polifoed than 
themfelvts. The adventurers who returned from Afta com- 
municated to their. countrymen the ideas which thty had ac- 
quired, and the habits of life they had connadtcd by vifitiag 
more refined imions. The Europeans began to be fcnfible 
of wants with which they were formerly unacquainted ; and 
fuch a tafte for the commodities and arts of other countries 
gradually fpread among them, that they not only encou- 
raged the refort of foreigners to thtir hatbours, but began 
to perceive the advantage and nectflky of applying to com- 
merce thcmfelves. 

The great commercial progrefs of the city of Lubeqk 
foon caufed other tow ns to be founded in the neighbour- 
hood of the Baltic; which, fuffering much from the occa- 
fional attacks of neighbouring powers, and the deputations 
of pirates, were induced to enter into an aflbeiation for their 
mutual fafety, and the protection of their navigation. Tbui 
was gradually formed the famous Haufeatic confederacy, 
which made lo great a figure in the commercial hiftory of 
feveral fucceeding ceuturies, and of which Lubcck was front 
the firft confidcred as the director or head. Werdcnhagcu 
fixes on the year 1169 for the firft of this confederacy* 
which confided of the twelve following towns on the Baltic 
fhore 1 viz. Lubeck, Wifmar, Roftock, Straelfund, Grypcf- 
wald* Anclajn* Stetin, Colbert, Stolpe, Dantzick, Elbiog, 
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and Koningfbergi though probably not all of them at the 
firftj aa fome of them do not appear to have been founded 
till a later period. Limbecius, librarian to the emperor 
Leopold, is of opinion, that the Hans-league did not pro* 
perly commence till after the league between Lubeck and 
Hamburgh in 1241, at which time the towns comprehended 
in this allocution were in poflcffion of all the commerce of 
the fouth fhorcs of the Baltic, from Denmark to the bot- 
tom of the gulph of Finland, betides an extenfive commerce 
to more diilant parts. About this time the commerce of 
Norway began to acquire fome degree of importance, and 
in a treaty between the monarch of that country and Henry 
III. of England, in 1217, it was agreed tuat their rtfpeft- 
ive Hates (hould be free for merchants and others on both 
fides. 

At the beginning of the ijth century, the German mer- 
chants of the Steehyard engroffed all the foreign commerce 
which then exilted in England, which at that time had very 
few merchants, and fewer (hips of her own. About 1250, 
however, a fociety of Englifti merchants was formed, who 
are faid to have had privileges granted to them in the Ne- 
therlands, by John duke of Brabant; whither they had 
begun to refort with Englifh wool, lead, and tin, bringing 
in return fine woollen cloths, linen, and other articles. From 
this fociety, the company ftyled “ Merchants of the ftaple of 
England” took its rife. In 1274, a treaty was concluded 
with the earl of Flanders for the fettlement of fome com- 
mercial difputes which exifted between the two countries. 

France at this period poffefled very little foreign com- 
merce, but in the cities of Italy it had incrcafed greatly. 
The republic of Genoa was in its meridian glory, being 
the greateft maritime power then exifting. Even Venice, 
great as it was now become, was eclipfed by Genoa, which, 
towards the conclufion of this century, had reduced the re- 
public of Pifa, till then alfo powerful at fta, to the loweft 
ebb of fortune, never again to rife to greatneis, and foofl 
to lofe her independence. 

A new aera was now about to commence in commercial 
hiftory. The difeovery of that valuable, but now familiar 
inftrument, the mariner’s compafs. Dr. Robertfon obferves, 
may be faid to have opened to man the dominion of the fea, 
and to have put him in full pofltffion of the earth, by en- 
abling him to vifit every part of it. But the effe&s of this 
difeovery were not fo fudden or extenfive as might be ex- 
pelled. The ufe of the compafs enabled the Italians to 
perform the (hort voyages to which they were accuftomed, 
with greater fecurity and expedition, but near half a cen- 
tury clapfed, before navigators ventured into any Teas which 
they had not been accuttomed to frequent. One of the firft 
fruits of fuch adventures, was the difeovery of the Canary 
iflands by the Spaniards. 

Many of the princes of Europe were now becoming 
more fenfible of the importance of commerce, which led 
them to enter into treaties for its regulation and defence. 
Edward I. in 1302 publilhed his famous charter ftyled 
Charts Mcrcatoria, by which ** The merchants of Almaine, 
France, Spain, Portugal, Navarre, Lombardy, Flo- 
rence, Provence, Catalonia, Aquitaine, Thouloufe, Flan- 
ders, Brabant, and o( all other foreign parts, who (hall 
come to traffic in England, (hall and may fafely come 
with their merchandize into bis cities, towns, and ports, 
and fell the Lme, by wholefale only, as well to natives 
as to foreign cr*.” Some particular articles they were 
allowed to fell by retail $ and they were to export any goods 
they might want from England on paying the ufualuuf- 
toms, except wine, which could not be exported without a 
Special licenced The countries here mentioned (hew the 


parts to which the commerce of England was at that time 
chiefly confined; and a very good idea of its extent may be 
gained from the following account of the exports and im* 
ports, in the 28th year of Edward III. from a record in 
the Exchequer. 

Exports . £• u JU 

31,65 1 { facks of wool, at fix pounds 
per fack, and 3036 hundred weight 
and 65 fells, each hundred weight 
being 6 fcore, at forty (hillings per 
hundred weight, with the cuftoms, 

&c. thereon, amounted to - - • 277,606 2 9 

Leather, with its cuftom - - - - - 96 2 6 

4774-J coarfe cloths, at 40 (hillings 
eacn, and 806]^ pieces of worfted, at 
i6j. 8</. per piece - - - - - - 16,266 18 4 

Cuftoms thereon - -- -- -- - 215 13 7 


Total Exports, with the duties thereon 

294.184 

17 

2 

Imports . 

1831 fine cloths, at 61 . per cloth, 
which, with the cuftoms, comes to - 

11,083 

12 

0 

397 J hundred weight of wax, at 40 
(hillings per hundred weight, which, 
with the cuftoms, comes to - - - 

. 815 

7 

5 

1829^ tons of wine, at 40 (hillings per 
ton, which, with the cuftomB, comes 
to----------- 

3 > 8 4 * 

»9 

0 

Linen cloth, mercery, grocery, and all 
other wares whatever - - - - - 

22.943 
- 285 

6 

10 

On which the cuftom was - - - - 

18 

3 

Total Imports, with the dutieB thereon 

38,970 

3 

6 


Thus, as fir William Temple obferves, M when England 
had but a very fmall foreign commerce, we were rich in 
proportion to our neighbours, by felling fo much more 
than we bought. 1 * It is not very probable, however, that 
the excels of the exports was generally fo great as is here 
ftated. 

The materials of commerce were now increasing by the 
improvement of manufactures in various parts of Europe ; 
while the difeovenes of the Portuguefe on the coaft of 
Africa, and in the adjacent Teas, excited a more enterprifing 
fpirit of mercantile adventure, and at length, in 1487, led 
to the difeovery of the Cape of Good Hope, whieh»thcy 
doubled about ten years after, and thus accomplifhed the 
firft regular voyage to the Eaft Indies. About the fame 
time alfo was accomplifhed the great difeovery of the 
weftem continent. Thefe events, which filled the world 
with aftonilhment, and gave rife to an infinity of new fpe- 
culations, have fince fupplied it with a prodigious increafe 
of wealth, and with many new and excellent materials for 
the immenfe additional commerce which has thus accrued 
to all the dates of Europe. 

The whole of the vaft regions difeovered in the Eaft and 
Weft, was by the papal authority divided between the 
Spaniards and Portuguefe. The former firft made herfclf 
miftrefs of the iflands, and next of the principal part of the 
continent of America; in confequence of which the cities of 
Seville and Cadiz became the ftorc-houfes for the riches of 
the newly-difcovered weftem world. Portugal purfued her 
commerce and rapid conquefts in the Eaft Indies, Co that 
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Lifbon foon became (what the now declining city of Veuice 
had been for many centuries paft) the great magazine for 
* 1 ! the rich produ&ions of the Eaft. They had alfo difco- 
vered Brafil in South America, which foon became an almoft 
inrxhauftible fund of wealth to Portugal, which may be faid 
to have been then at the height of its commercial great* 
nefs. 

In the courfe of the 16th century many circumftances 
occurred which contributed greatly to the extenfion of com* 
merce. The Englifli in the purfuit of a north-well paffage 
to India had difeovered the whole coaft of North America, 
where, after fome years, they began to attempt fettlements. 
They engaged in the Newfoundland filhery, and alfo in the 
whale fiihery at Spitsbergen or Greenland. The continual 
jealoufics and difputes between the Englifli merchants and 
the German Hanfratic merchants of the Steel -yard in Lon* 
don, were at length terminated by the abolition of the pecu- 
liar privileges of the latter. The difeovery of a paffage to 
Ruffia round the north Cape of Lapland, opened a field for 
*>ther new difeoveries, and new branches of commerce; in 
confcquence of which a company for trading to Ruflia was 
immediately formed and incorporated. The commerce with 
Turkey was encouraged by the incorporation of a company; 
and the intcrcourfe with Guinea and other places on the coalt 
of Africa, was alfo thought of fuflicicnt importance to have 
a company eftablifhed for carrying it on. 

While the importance of the Italian cities was declining, 
and the commerce of the towns on the Baltic experiencing 
fome diminution, the cities of Hamburgh and Antwerp had 
rifen into confiderable importance. The latter in particular, 
from the convenience of its fituation, might for fome time 
be confidered as the centre of the commerce of Europe, as 
well for the merchandize of both the Indies, as for the naval 
ftore8 and other bulky commodities of the northern ftatts. 
It was however foon to find a rival among its indullrious 
neighbours in the United Provinces, who, trom the time of 
their independence, applied thcmfelves to manufadlures and 
commerce with the utmoft affiduity. France was at this 
time beginning to encourage the cultivation of the vine, and 
the improvement of her broad filk manufa&ure; while Spain, 
by expelling the proteftants from the Netherlands, fupplied 
England, Holland, and the Hsnf* towns with great numbers 
of wealthy and indullrious manufacturers and artificers, as 
well as ifith an - acccfiiou of many ingenious and beneficial 
new manufactures. 

The 17th century was the period in which the principles 
were adopted, and mod of the eftabhflunents formed, which 
have contributed to advance the commerce of Europe to its 
prefent aftonifhing height. The intereftt of nations became 
better underftood than in any former age; the utility of 
commerce had become evident to every one, from the wealth 
and power it had conferred on the dates which had encou* 

^ an< ^ c ? mmcrc * a ^ trc * t * c * became frequent between 
the different nations* Navigation was improved ; new fettle- 
xnentf were formed, and many of thofe before made were 
nung into importance; manufa&ures were advancing in 
many parts of Europe ; (hipping was increafing, and the in- 
tercou.ie between diftant places, from the accumulation of 
knowledge and experience, becoming more expeditious and 
fecure. 

The lucrative commerce of the Ead became one of the 
leading objc&s of mercantile purfuit. An Engli/h Eaft 
India company was formed in i6ooj and the Dutch com- 
panies, which were united in 1603, became one of the mod 
webrated commercial edablifhments ever formed. The 
French vifited the Eaft Indies in 1601, but did not eftablifli 
a regular company for carrying on the trade dll 1664. The 
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Danes eftablilhed an Eaft India company in 1617, and in 
1627 the king of Sweden ifiued letters patent for forming 
an Eaft India company, but it was not carried intycxecu- 
tion till fome years after. The Spaniards and Portuguese, 
however, at this period, poffeffed by far the greateft (hare of 
the commerce ot India, which had now become very con- 
fiderable. The following account publifhed by Mr. Munn, 
in 1621, of the quantity of Indian merchandize contained 
annually in Europe, gives a very good idea of the propor- 
tion of the different articles of this branch of commerce : 
the prices affixed are the prime coft in India, including all 
charges till aftually (hipped for Europe. 

/. i. 

6 . 000. 000 lb. pepper, at o 2^ per !b. 

450.000 lb. cloves, at 09 per lb. 

150.000 lb. mace, at o 8 per lb. 

420.000 lb. nutmegs, at o 4 per lb. 

550.000 lb. indigo, at 12 per lb. 

1.000. 000 lb. raw filk, at 8 o per lb. 

This ftatement was probably meant to include only the 
principal article*; at lead it is certain that about 1631 fe- 
vcral other kinds of merchandize were ufually imported from 
India, as taffaties, painted callLoes, drugs of various forts, 
and China ware. Tea, the great obje& of commercial in* 
tcrcourfe with China, was either not yet an objeA of com- 
merce, or was imported in fuch fma!l quantities*, that in 
England at lead, in 1660, it was not thought of fufficient 
confequence to be fubje&cd to a duty. 

Dr. Davenaut, who publiflted his “ Difcourfes on Trade” 
in 169S, was of opinion, that from about the year 1656 to 
16S8, England had every year gradually increafed in riches; 
and that about the lad mentioned year, the incrcafe or addi- 
tion to the wealth, and general (lock of the nation, arifing 
from foreign trade and home manufa&urcs, was at lead two 
millions per annum. In this eftimatc the different branches 
of trade are dated as follows : 

The plantation trade may bring in - £ 600, ©00 

The Eaft India trade may bring in • 500,000 

The European, African, and Le- 
vant trade, by our own produ& 

may bring in - 600, oon 

Ditto, by re-exporta of plantation 
goods ... f 20,00* 

Ditto, by re-exports of Eaft India 
goods - - • *80,000 

Total 2,000,000 

This account is probably fomewhat beyond the truth, 
with refped to the period to which it refers ; but that there 
had been a confiderable influx of wealth, is (hewn by the ob* 
fervations of the fame author, that from the year t6cfo to 
1688, the general rental of England was nearly trebled, and 
the purchafe of land half doubled ; that the dock of the 
kingdom was multiplied above five fold, and the money in 
circulation above four fold. This rapid advance in wealth* 
can be aferibed to no other caufe than the improvement of 
commerce, which was now becoming of the utmoft import- 
ance to all the European ftates, particularly to fuch as were 
defirous of maintaining any degree of naval power. 

The incrcafe of wealth arifing from the extenfion of com* 
merce, gave rife to the eftabuhment of banka, by which 
its operations have of late years been fo much facilitated. 
The commercial cities of Venice and Genoa had long ex- 
perienced the utility of fuch inftitutiona, which were now 
adopted in other ftates. The banks of Amfterdam, of 
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Hamburghf and of Rotterdam were eftablifhedj and in 
1694, the bank of England, and the bank of Scotland. 
The bufmefs of private hanker* like wife took its rife, and 
had become confiderabie, when it received a fevere check 
from the unjullifiablc conduct ofChatles II. in ftizing the 
money which the bankers had advanced on credit of the 
taxes. This branch of meicantile intercourfe has however 
been fince carried to an extent which in former times would 
have been deemed wholly incredible. 

Thus, with its principles generally underftood ; with mod 
of the eilablifhmcnts formed which are neceflary to facilitate 
its operations ; with laws and treaties in force for its en- 
couragement and prote&ion ; markets eltablifhed for the 
purchafc or fale of commodities in ahnoit every part of the 
globe j navigation brought to a high degree of perfe&ion, 
vail improvements in arts and manufactures ; and a great 
incrcafe of artificial wants from the progrefs of luxury and 
refinement ; the commerce of the world, and particularly of 
Europe, has, during the i8'h century, expanded in an a ft on idl- 
ing degree, and become intimately connected with the po- 
litical exiltence of almoft every ftatc. 

Commerce cf Gnat Britain . The mod authentic mate- 
rials from which an ldta can be formed of the progrefs and 
extent of the commerce of Great Britain, are the accounts 
kept in the office of the infpe&or-general of exports and 
imports, at the cuftom-houfe of London. Thefe accounts 
do not {hew the current value of the commodities exported 
or imported, but are formed from their quantities, accord- 
ing to certain rates of value affixed to the ftverai articles of 
foreign trade in 1696, by which they have been rated ever 
fince. It is evident, therefore, that, as the price of all 
kmdsof mcichandize is 1’ubjeCt to great fluctuation?-, and in 
general lias much increafed in this country withiu the lait 
hundred years, thefe accounts are far from fhewing the 
a&ual valuesin the later years $ they are, however, from this 
very circumftance of being uniformly made up at the fame 
rates, the better adapted to a comparative view, and fheW 
a progreffive increafe which has arrived to an amount never 
before known in the commerce of any nation. According to 
thefe ellimatCB the total amount of the exports ar.d import! 
of Great Britain have been as follows : 


Years. 

Imports. 

Export*. 

1700 

£ 5 - 970.175 

£ 7 > 3 02 » 7‘6 

«7oi 

,5,869,606 

7,621,053 
5 » 2 35> 8 74 

170a 

4 .JJ 9 .JO+ 

1703 

4,526,596 

6,644,103 

1704 

5^83.200 

6,552,019 

1705 

4,051,649 

5,301,677 

1700’ 

4 . 1 ' 3.933 

6,512,086 

1707 

4.274,055 

6,767,178 

J70S 

4,698,663 

6,969,089 

1709 

4 . 5 ‘<>>593 

6,627,045 

1710 

4,011,341 

6,690,828 

2711 

4,685,785 

6,447,170 

1712 

4.454,68a 

r>. 

*0 

GO 

OQ 

\ 

1-C, 


Al the conclufion of the war, by the peace of Utrecht, a 
commercial treaty with France was like wife negotiated : 
but when the particulars of it came to be difeuffed, two of 
the articles, by which the produce and manufa&urcs of 
France were to be admitted into this country on the fame 
terms m thofe of the mod favoured nation, excited fuch 
general disapprobation, that the bill for carrying it into 
tffeft was rejefted by the houfe of commons. The ftrongeft 
objection to the principle of the treaty, was that it might 
ruin the trade then carried on with Portugal, which was 
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confidered as tl c mod valuable branch of our European 
commerce. 

It is evident, that from the year 1705, notwithftanding 
the difadvantages it always labours under in time of war, 
commerce had been gradually incteafing \ but when peace 
enabled it to return to its ufual channels, and reilored fome 
branches which had been confiderally interrupted, it* 
general advancement became more obvious, and although 
from the mode then ufually adopted, of judging of the 
profits of commerce merely by the excefs of the value of the 
exports, the balance appeared lefs than it had been in 
former years, the wealth which flowed into the country 
from foreign trade, being no longer abforbed in public 
loans, foon enabled the government to make a permanent 
red u& ion in the legal rate of intertft. The war with 
Spain in 17 18, did not caufe much interruption of commer- 
cial intercourfe, except in the dirc& trade with that country. 


Ye.<rs. 

Irr polls. 

Exports. 

J 7 *3 

^5,81 1,077 

£ 7,3 5 2 >«55 

1714 

5,929,227 

8,361,638 

J 7 J 5 

5,640,943 

7 ’ 379 > 4°9 

1716 

5,800,258 

7,614,085 

I 7 l 7 

6,346,708 

9,147,700 

1718 

6,669,390 

iV 55 > 3 ° 2 

1719 

5,367,499 

7 , 7 0 9 , 5 * 8 

1720 

6.090,083 

7,936,728 

1721 

5,768,510 

8,681,200 


At this period the judicious principle of promoting the 
exportation of Britifh man ufaftures, which had hitherto been 
applied only to woollen goods, was extended to Britifh ma- 
nufactures and produce in general 5 which were allowed to 
be exported duty free, except a few articles chiefly materials 
for manufactures, the exportation of which it would not 
have been proper to encourage \ while drugs and other ma- 
terials ufed for dyeing, were, upon being firll duly entered, to 
be imported duty free, but upon re-exportation were to pay 

S pecific duties. For this highly beneficial regulation, fo 
mple in its principle, and fo comprehenfive in its extent* 
the country was indebted to the enlightened wifdom of 
Mr. Walpole : the experiment excited much doubt and fo Ji- 
citude as to its fuccefs, but it foon appeared that the lofsof 
revenue in the duties thus given up, was a mere trifle in com* 
parifon with the ftimulus it gave to manufactures and the 
confequent extenfion of commerce* 


fun, 

Imports. 

Exports. 

1721 

£ 6,378,09® 

£ 9,650,789 

17 *3 

6,505,676 

9489,811 

1724 

7,394.405 

9 > ‘ 43,356 

1725 

7,094,708 

1 1,352,480 

1726 

6,677,865 

9,406,731 

1727 

6,798,908 

9 , 553,043 

1738 

7,569,299 

11,631,383 

1729 

7,540,620 

">475.771 

1730 

7,780,019 

", 974,‘35 

* 73 * 

6,991,500 

11,167,380 

! 73 2 

7,087,914 

11,786,658 

>733 

8,016,814 

", 777,306 

>734 

7,095,861 

11,000,645 

17 35 

8,160,184 

> 3 , 544,‘44 

1736 

7,307,966 

",616,356 

>737 

7,073,638 

11,842,320 

> 73 ® 

, 7.438*960 

12,289495 


The above period was almoft wholly a time of peace* 
during which the commerce of Great Britain was gradually 
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ltdvancfog, both from the improvement of feveral c f the 
lifting branches, and the acquifition of new ones. The 
SouthHea company undertook tbc Greenland whale frihery, 
which had been entirely relinquilhed by this country for 
fomc years pall ; and encouragement was given to fifhrrks 
on the coaft ot America. Attempts were made to obtain 
a (hare of the fur trade of no>th America, which was almnll 
entirely in the hands of the French. The Ofttnd Eaft India 
company, which had been found prejudicial to the Englifh 
trade in thufe parts, was fu I pended ; while ,our trade with 
China indraft d confidcrably, particularly in the article of 
tta. The tuade of the Levant company was very flourifh- 
ing ? as was likewife that of the Hudfon's bay company, 
though the latter was but of fmali extent, The produce of 
ftveral valuable comrmditits was at the fame time augment- 
ing, from an inert afed cultivation of rice in the American 
colonics, and of coffee in the Weft India iflands, while great 
quantities of corn were annually exported from Great Britain 
to France, Portugal, Spain, and Italy. 

The war which began in 1739, was occafioncd chiefly by 
difputcs refpefting our commerce in the Weft Indies, which 
had been much interrupted by the Spaniards. It, caufed, at 
firft, fomc decline of foreign trade, which however foon 
regained the extent to which it had becu carried during the 
preceding peace. 


V.ars. 

Impoit*. 

Exports. 

1739 

£ 7 >« a 9>373 

£ 9,495*366 

1740 

6 , 703 . 77 ^ 

8,869,939 

,741 

7,936,084 

11,469,872 

1742 

6,866,864 

11,584,427 

> 74 J 

7*802,353 

14,623,653 

1744 

6,362,971 

n, 42 9, 628 

>745 

7*847,123 

10,497,329 

2746 

6,20^,687 

11,360,792 

>747 

7 , > >6,757 

11,442,049 

1748 

8,136,408 

> a , 35 > >433 


At this time, a much greater proportion of the exports 
Confided of unmanufa£hired produce than it has fince ; as it 
appears there had been exported from England in five years, 
from 1744 to 1743, no lefs than 3,768,444 quarters of 
corn, which at medium prices was worth 8,007,948 /. 

Thataconfidcrablc increafeof commerce had taken place, 
is evident from the quantity of dripping employed. The 
total tonnage of veflels that cleared outwards on an average 
of three years preceding the war, had been 503,568 tons; 
the average of the three years, ending with J/51, was 661,184 
tons. The encouragement of the fifheriea, and the regu- 
lation of the Guinea or African trade, which had been in 
the hands of an exclufive company, but was now in a great 
meafure laid open ; caufed fume ex ten ft on of foreign trade, 
although the Levant, or Turkey trade, which had been con- 
sidered as one of the mod valuable branches, was beginning 
to decline rapidly, from the French improving the natural 
advantages they pofTefs for a trade with thofc parts. 

Vein. Imports. Exports. 

J 749 £ 7-9 i 7»8o4 £ 14,099,36(5 

175 ° 7»77 a *°39 15,132,004 

* 75 * 7 . 94 .J. 43 6 13,967,811 

*75* 7,889,369 i3,22i,ii(S 

*7,53 8,625,029 14,264,614 

J 754 8,093,472 13,396,853 

1755 8,772,865 12,182,255 

1756 7,961,603 12,517,640 

*757 9 » a 53 * 3*7 13.438.a85 

*758 8,4151025 15,034>994 


Years. Imports, Experts. 

17 59 8,922,976 14,696,892 

1760 9,832,801 LS»579*°73 

J 7 *i 9 543 * 90 * 16,363 973 

1762 8,870,234 14,134,093 

Tt is evident that commerce had not been very materially 
afft&cd by the war. The yenrs 1755 and 17^6 markecl 
the lowcft point of its dtpreflion; whence it gradually 
rofe, till it had gained a fuperiotity over the unexampled 
traffic of 1730, a year of cftabiifhed peace and fecurity. 

By the peace of 1763, although many iflandi which had 
been taken in the Weft Indies we* re rJlured, Great Britain 
retained a number of newly acquired lihnds, perhaps more 
than could be immediately brought into cultivation with ad- 
vantage. The arrangements refpe&ing Alia were very fa- 
vourable to the E.ift India company , and in Africa a:i ex- 
du five trade was ferured in the article of gum Senegal, a 
material iudiTpenfably neceflary to the perfection ot many 
of our manufactures. The immediate confluence, how- 
ever, of the acquifition of additional territories, was, that 
a wide field was opened for fpeculation and commercial en- 
terp ife, which caufed much productive capital to he with- 
drawn from the trade and manufactures of Great Britain y 
yet our merchants were not only able to maintain their own 
credit, but alfo to aflift their correfpondents during the 
commercial embatraffmeuts in Holland and other parts of 
the continent. 

In 1765, the principles and meafures were adopted which 
foon involved the country in difputes with its American co- 
lonies. Impolitic reftridrions were laid on a beneficial in- 
tercourfe which had long fubfifted between the Britifh colo- 
nies and the Spanifh Weft India • fettlements ; which being 
foon followed by other caufes of difeontent, drove the 
Americans into public refolutions to make no further im- 
portations from Grtat Britain, but fuch as were unavoid- 
ably neceffary, and to encourage, to the utmoft of their 
power, every kind of manufacture that was practicable 
among themfelves. This ftep foon produced ferious effe&s 
in Great Britain ; the merchants connected with America 
found themfelves unable to fulfil their engagements by the 
ftoppage of large fum 3 due to them from that country ; the 
whole fyftrm of their bufmefs was deranged, and general 
diiirefs fpread through the circle of their connections; the 
manufacturers fuflfered by the want of regular payments 
from the merchants, while their materals, and made up 
goods, to an alarming amount, were becoming a dead 
flock upon their hands ; in confequence of which, great 
numbers of workmen were thrown out of employ. Peti- 
tions were prefented to parliament from all the trading and 
manufad uring towns, which probably had fome eft'edt in 
procuring a temporary adjuftment of the difpute. 

The non importation agreement in America, was renewed 
in 1769 and 1770 ; yet the commerce of Great Britain, not- 
withftanding thefe interruptions of an important branch of it, 
continued to increafe ; and previous to the war which fol- 
lowed, had attained to a greater extent than in any former 
years. 


Yean. 

Imports. 

Exports. 

1763 

£ 1 1,665,036 

£ 16,160,181 

1764 

10,364.307 

16,512,403 

1765 

10,889,742 

I 4 * 55 °> 5°7 

2766 

1 >* 475*775 

14,024,964 

2767 

12,073,956 

13,844.511 

1768 

11,878,661 

15,117.98* 

1769 

11,908,560 

, » 3 ; 43 8 > a 3 $ 
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Years. 

Imports. 

Export', 

1770 

1*, 216,937 

14,266,65? 

1771 

1 2,821,995 

17,161,146 

177* 

14,508,715 

is, 732.379 

* 77 J 

14,5*2,64? 

16,654,05* 

*774 

14,548,90* 

17,607,447 


The prohibition of all trade and intercourse with the 
American colonies excited Serious alarms, not only on ac- 
count of the lofs of a valuable branch of trade; but from 
the fuppofed encouragement which the acquisition of it 
would give to the trade of thofe powers who affifted the 
colonies. Thefe apprehenfions, however, in a few years 
appeared to be in a great meafure groundless, many Britiih 
manufaXures found their way to America, though not im- 
ported directly from hence ; and Mr. Chalmers obferves, 
that “ there was an evident tendency in our traffic to rife in 
1779, till the Spanifh war impofed an additional burthen. 
There was a Similar tendency in 1780/ till the Dutch war 
added, in 1781, no inconfiderable weight. And the year 
1781, accordingly, marks the lowed degree of depreffion, 
both of our navigation and our commerce, during the war 
of our colonies. But with the fame vigorous Spirit, they 
both equally rofe, in 1782, as they had rifen in former 
wars, to a fuperiority over our navigation and commerce, dur- 
ing the year wherein hoftilities with France began.” 


Yean. 

Impoits. 

Exports. 

*775 

£ 14,816,955 

£ 16,946,523 

1776 

12,449,189 

15,685,107 

*777 

1 *>64,3,8,44 

14,152,243 

1778 

1 0.975.53.3 

,2 » 37 J' 7 ia 

1779 

11,435,263 

13 . 597 * 77 « 

1780 

11,714,967 

13,689,073 

I78l 

12,723,613 

1 1,470,388 

X782 

10,341,623 

13,224,637 


The opportunity of renewing the commercial connexions 
between this country and America, from the conclufion 
of peace, was eagerly tmbraced; but fubfequent experience 
proved, that a greater degree of caution had now become 
neceflary to render it a beneficial trade. The arrangements 
relative to the commerce of Ireland, had a very beneficial 
effeX in that country, which had hitherto been excluded 
from almoft every fpecies of commerce, and reftrained from 
fending the produce of her own foil to foreign markets. 
The convention with Spain fettled more accurately the li- 
mits within which Britiih fubjeXs were allowed to cut log- 
wood on the Mufquito coaft, and consequently gave great- 
er certainty and Security to the trade with thofs parts. The 
commercial treaty with France, by discontinuing many of 
the prohibitions and prohibitory duties which had exifted 
for almoft: a century between the two nations, opened a wide 
field for Speculation and adventure. The consolidation of 
the cuftoms by the abolition of all the confufed and com- 
plex duties which then exifted, and the fubftitution of a 
Single duty on each article in their ftead, was a meafure of 
great convenience to all perfons engaged in mercantile tranf- 
aXions. Under all thefe circumftances, Supported by the 
improvements which had taken place in Several of the prin- 
cipal manufaXures, the foreign trade of Great Britain in- 
creafed greatly during the peace, and in the year 1792, 
had attained to an unparaUelled height, both in point of 
value, and with refpeX to quantity of (hipping employed 
in it. 


Yean. 

Imports. 

Exports. 

’ 7<>3 

£ 13,122.235 

£ > 5 , 450.778 

1784 

15,272 802 

14.961,074 

1785 

16,279,490 

16,770,239 

1786 

151786,072 

16,300,730 

1787 

17,804,024 

16,870,114 

1788 

18,027,170 

17,472,408 

'789 

17,821,102 

29.340,548 

1790 

19,130,886 

20,120, U I 

1791 

19,669,782 

22,731.995 

1792 

j 9 > 659 > 35 8 

24,905,200 


The total number of vtffels which belonged to the feveral 
ports of the Britiih empire on the 30th September 1792, was 
16,079; the amount of their tonnage 1, <40, 145 tons; and 
the number of men and boys ufually employed in navigating 
them 118,286. The numberof veflels that entered inwards 
at the feveral ports of Great Britain (including their re- 
peated voyages) was as follows : 

Ships. Ton*. 

Britiih - - - 12,030 13587,645 

Foreign - - - 2,477 304,074 

Total i 4 » 5°7 1,891,719 

At this period, the commerce of Great Britain was ge- 
nerally admitted to be in a very flourilhing ftate. The ap- 
plication and improvement of machinery in almoit every 
branch of manufoXure, had reduced the charges of work- 
manfhip f© far, as to enable our manufaXurers to fupply 
foreign markets on better terms than any other country 
could offer 5 while the increafe of capital, arifing from the 
accumulation of the profits of fuccelsful commerce during 
a period of peace, gave our merchants the means of allow, 
ing longer credit than could be obtained elfewhere. The 
high price cf the public funds, led many perfons to employ 
their money in discounting private Securities, which greatly 
facilitated the extenfion of commercial credit, but probably 
tempted fome to trade much beyond the amount which their 
capital jqftified, or to {peculate largely without any real 
property of their own ; So that when the apprehenuon of 
war produced a greater degree of caution, and began to af- 
feX particular branches of trade, many were involved in 
embarraffments ; and on the commencement of the war in 
179 3, commercial concerns, in general, experienced a Seri- 
ous (hock. The affiftance afforded by government to Such 
houfes as appeared to be really Solvent, by lending them 
exchequer bills for a certain time, operated very Successfully, 
and averted the confequences that were apprehended $ ere* 
dit revived, and as the war in its prog refs almoft annihilated 
the foreign trade of fome of the powers engaged in it, the 
commerce of Great Britain received a confiderable augmen- 
tation $ and, proteXed by its naval fuperiority, continued 
to increafe, not with (landing all the mealures which political 
animofity could devife to obftruX or deftroy it. 


Yean, 

Imports. 

Exports* 

1/93 

£ 19.256.717 

£ 20,390,180 

2794 

22,288,894 

26,748,967 

1795 

22,736.889 

* 7> 3 i *.338 

1796 

23,187,319 

30,424,184 

1797 

- 21.013,956 
*7.857.889 

28,917,0x0 

1798 

33 . 59 i .777 

1799 

26,837,432 

35,991,329 
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Import*. Etporh. 

1$ 03 30,570,605 43,152,019 

r8oi 3 2 »795»557 42,301,701 

The increafe during the above period, though really very 
great, was not however equal to what it would appear from 
the above accounts to have been# This irregularity in the 
comparative view which the account of imports and exports 
generally furnifties with fufficient accuracy, of the com- 
merce of GreXfrBritain,arifes from the article of coffee, the im- 
port of which was formerly little more than fufficient to flip- 
ply its fmall confumption in this country. But the interrup- 
tion of the trade of France* the conquelt of their Weft 
India iflands, and the greatly increafed cultivation of coffee 
in Jamaica, caufed nearly the whole fupply of the continent 
with this commodity to depend during the war on Great 
Britain. In the infpe&or-general’s book of rates, coffee 
is valued on importation at 7/., and on exportation, at no 
left than 14/. 10 s. per cwt.; while, during the above 
period, the real average value was about 5/. per cwt. 
when imported, and 5/. 10 s. when exported. The offi- 
cial account, therefore, from 1794, when coffee fud- 
denly became a very confiderable article of exportation, re- 
quires fome corredion ; and if the over-eitimated value 
of this article is deduced, the exports of the year 1S00 
will appear to have been 38,120,120/., and of 1801, 

37,786,856/. 

Thcfbort interval of peace in 1802, produced an imme- 
diate extenfion of foreign trade ; and Mr. Addington 
thought himfelf juftified {t in pronouncing the commerce of 
the country to be in a ftate of unrivalled and unexampled 
profperity.” The value of Britifh manufa&urcs exported, 
confiderably exceeded the preceding year, and the total 
amount of the exports, according to the official values, was 
46, 120,962 /. # But in this and the fucceeding years, it 
will be proper to adopt the corrcdion juft mentioned, which 
will give the amount of the imports and exports as fol- 
lows : 


Yeirs. 

Imports. 

Exports. 

1802 

31,442,318 

£41,411,966 

1803 

27,991464 

3 '.578495 

1804 

29,201,490 

3445 '.3 6 7 

1805 

30,344,628 

34>954> 8 45 

1806 

31.094.0S9 

36,528,132 


The account of imports for the laft year is not quite cor- 
re6t ; the imports from the Eaft Indies for that year being 
incomplete. 

Almoii every article being greatly under-valued in thefe 
accounts (except in one or two inftances) the total muft give 
a very inadequate idea of the real extent of the commerce 
of Great Britain. Some idea may be formed of the under- 
valuation of the imports by tbofe of the Eaft India com* 
pany, taking the account of their Tales as the importation j 
the medium value of which, on an average of three years, 
was 6,100,000/.; whereas, the medium value by the ac- 
counts of the infpeftor-general, for the fame three years, 
was 4,572,000/. Of the actual value of Britifh produce 
and manufaftures exported, which ufually cooftitutes about 
two-thirds of the total export, we have more corre& infer* 
sqation. By an a& paffed in 1798, and revived in 1802, 
catted the convoy ad, the exporters were required to declare 
the real value of Britifh manufa&urel exported, in order to 
afeertain the amount of duty chargeable thereon ; and from 
Inefe declarations, the tdual value of Britifh produce and 
Huumfadurcs exported has been ascertained ** fellows; 


In 1803 £40,100,870 

J804 40,349,642 

1805 41,068,942 

X 806 43,242,2; 6 

The extent of (hipping employed in commercial inter- 
courfe at this period, will be feen in theiollowing account 
of the number of vefteis which belonged to the feverat 
ports of the Britifh empire, on the 301b September 1805* 



Ships. 

Tons. 

Men te Boys 

England - - - 

14,790 

2,799,210 

1 1 7,668 

Terity 8 c Guernfcy 


16,528 

2,01 1 

Ifle of Man - * 

404 

9,050 

*.33 6 

Scotland - - - 

2,581 

210,295 

15,160 

Inland - - - - 

1,067 

56,806 

5*°7 J 

The Plantations - 

3,024 

* 9*9 53 

>5.4<>r 


*2.051 

2,283442 

*5 7»7»* 


The commerce of Great Britain with Ireland \ has in- 
creafed with the improvement of that country, particularly 
fince the year 1780, when a more liberal fyftcm of policy 
wa* adopted with refped to the foreign trade of Ireland. 
The imports from thence confift chiefly of butter, beef, 
pork, bacon, lard, tallow, cattle, hide6, feathers, ft arch, 
rape-feed, linens, linen-yarn, woolien-yarn, ptarl afhes, cop. 
per-ore, and a few other articles of lefs importance. The 
exports are coals, ironmongery and hardware, hoops for 
barrels, beer, cyder, dried cod, herrings, chiefly from Scot- 
land, earthenware, bottles and window-glafs, refined fugar, 
hops, lead, tin-plates, fail-cloth, cabinet-ware, wearing ap- 
parel, apothecarics-ware, books and ftationary, painters’ 
colours, hats, hsberdafhery, woollen, Cotton, and filk manufac- 
tures of all kinds 5 with mm, brandy, geneva, wines, gro- 
ceries, drugs, dye-fluffs, flax and hemp, raw and thrown 
fliks, and other foreign produce. 


Years. 

Imports. 

F.xpoits. 

1798 

£ *» 7 35 >686 

£ *.974.363 

1799 

2»770>/'3« 

4,086,986 

iSOO 

i,3 12,824 

3>74M99 


Confiderable endeavours have been made to improve the 
manufadurcs of Ireland, but with little fuccefs, except in 
the linen manufacture, which probably proceeds from the 
want of fufficient capital, and from the facility with which 
Britifh manufadurcs cart bo procured at a very fmall addi- 
tional expence; the latter will, therefore, for a long time, 
continue to conftitutc a large proportion of the imports of 
Ireland. 

Value of Britifh manufadures exported from Great Britain, 
to Ireland. 

In 1791 £ i, 47°>97» In *79$ £ 1,781,78^ 

1792 i ,5 u * 8 44 *7 97 99$ 

*793 *798 j i 6 57>934 

1794 1,281,316 2799 2405,999 

1795 1,612,270 1800 1,787,966 

The trade between Great Britain and Rujjia has been con- 
fidered highly beneficial to both countries ; to Ruf&a in point 
of profit, and to Great Britain, as (applying articles eflential 
to the fupport of its navy. The capital employed muft be 
much greater than formerly, from the increased value of the 
principal articles ; and the balance of trade, which is eonSder- 
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ably in favour of Ruffia, is paid by means of the commercial 
tranfa&ions between Great Britain and other countries. 
The articles imported are iron, hemp, flax* tallow, pot-afhea, 
deals, and lath-wood, coarfe linens, hog’s briiUes, &c* 
The exports are principally broad-cloths and woollen fluffs, 
refined fugar, cotton, lead, tin, iron and Heel ware, earthen 
ware and glafs, coals, alum, (alt, horfes, London porter, with 
articles of lefs importance. 


Years. 

Import*. 

Exports. 

1 Soo 

£ 2,3 Si, 098 

£ 1,025,335 

z8oi 

2,246,877 

9 J 9> 8 43 

1S02 

2,182,430 

2 , 376,399 

The total 

number of veflels that entered inwards from 

Ruflia, and that cleared out for that country from Great Bri* 

tarn in three years, ending with 1806, 

was as follows : 


Inwards. 

Outwards. 

Years. 

Erit'.fh. Ft reign. 

Britifh. Foreign. 

1804 

830 29 

55 8 53 

iSo$ 

961 14 

927 52 

1 806 

I106 21 

677 32 


The trade to Denmark and Norway , though of ancient 
date, is not of very great extent ; the imports confifl chiefly 
of timber and com ; and the exports, of Weft India produce 
and other foreign merchandize ; the quantity of Britifh ma- 
nufactured goods which thofe countries take being of fmall 
amount. 


Years. 

Imports. 

Exports. 

1S00 

£ 241.563 

£ 540.698 

1801 

208,794 

416,475 

1802 

155,672 

53 7.5 * 7 


The total number of veflels which entered inwards from 
Denmark and Norway, in the year 1806, was 1607, of 
which 529 were Britifh (hips : the total number which 
cleared outwards was 1690, of which 790 were Britifh. 

The trade with Sweden, which is carried on chiefly in 
Ihipa of that country, has not varied materially in its extent 
during the lafi twenty years. The imports confilf chiefly of 
iron of a fuperior quality, pitch, tar, deal boards, and fail- 
cloth. The exports are principally colonial produce. 


Years. 

Imports. 

Exports, 

j8oo 

£ 3 ° 9 * 2So 

£ 78.840 

1801 

2 95' 6 45 

111,254 

1802 

3 2 7 . 35 0 

108,296 

1803 

288,631 

98,045 


The total number of vcffels which entered inwards from 
Sweden, in the year 1806, was 353, of which j 87 were Bri- 
tifh (hips : the total number which cleared outwards was 
362, of which 142 were Britifh. 

The imports from Pruflia , confifl of all kinds of grain, 
hemp, flax, madder, lintfeed, goofe-quills, briftles, pearl- 
allies, mill-ftones, and timber of various descriptions. The 
exports are chiefly alum, copperas, coals, beer, fait, wrought 
brafa and iron, lead, tin plates, earthen-ware, glafs, woollen 
and cotton goods, fome cotton yarn, India goods, raw and 
refined fugar, drugs, dye-fluffs, pepper and other fpices, 
coffee, rum, tobacco, &c. 


Years, 

Imports. 

Exports. 

l800 

£ 1. 34 °. 9°4 

£ 794.45 2 

l801 

». 3 St .»49 

660,739 

1802 

1,057,60* 

1,071,896 

1803 

S3 1 . 22 5 

1,916,502 


The total number of vcffels which entered inwards from 
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PruiTu in the year 1805 was 1946, of which 857 were Bri- 
tifli fhipj; the total number which cleared outwards was 
1627, of which only 482 were Britifh. In 1806 the total 
numbers were much lefs, in confequence of Pruflia being in- 
volved in the war. 

The trade with Germany had not experienced any conG- 
derable variation with rdpe£l to its extent, from the com- 
mencement of the laft century, till on the extenfion of the 
war with France in 1794, it fuddenly became the channel 
through which the principal part of the continent received 
the goods they had before obtained direft from Great Bri- 
tain. The following account of exports to Germany (hews 
the rapid incrcafe of trade with that country during the 
war. 


Years. 

Britifh 

Foreign 


Manufactures. 

Merchandise 

1793 

£ 728.474 

£ 1,764,221 

1/94 

1.634.53° 

4,308,695 

2795 

1.760,13? 

6,311,876 

2796 

I,59l,8lO 

6,582,179 

J 797 

1,964,967 

6, 419,587 

1798 

2 »° 4 2 >774 

8,646,691 

2/99 

2,032,567 

6,640,729 

tboo 

4,364,120 

8,300,470 

1801 

4,928,617 

6,186,687 


The total number of veflels which entered inwards in the 
feveral ports of Great Britain from Germany (including 
Hamburgh) and which cleared outwards for that country, 
was as follows : 


Inwards. Outwards. 


Years. 

Britifh. 

v Foreign. 

Britifh. 

Foreign. 

1793 

217 

54 

292 

77 

»794 

258 

108 

443 

25 * 

J 795 

2 59 

222 

2 SI 

406 

1796 

347 

34 ^ 

333 

4>5 

J 797 

237 

2 57 

3 H 

3/2 

1/98 

408 


647 

,87 

1799 

409 

126 

426 

181 

1800 

435 

459 

574 

45 ® 


The total number of veflels which entered inwards from 
Germany (including Hamburgh) in the year 1806 was 604 ; 
the total number which cleared outwards for that coun- 
try 956. 

The imports from Holland are butter and chetfe in large 
quantities, geneva, juniper berries, flax, hemp, oak bark, 
rags, flower-roots and feeds, books, maps apd prints. The 
exports are raw and refined fugars, train oil, copperas, a 
few cotton goods, iome woollen goods, coffee, rice, and fo- 
reign merchandize of various kinds : their amount, as fol- 
io wa : 


Years. 

Imports. 

E< ports. 

1800 

£ 97 2 -6 oo 

£ 3,208,613 

1801 

1,025,958 

3,496,744 

1802 

974,537 

4 . 957 ,‘J 97 

1803 

630,403 

2,565,355 


The total number of vcffels which entered inwards from 
Holland in the year 2804 was 790, and the ntrmber which 
cleared outwards 521. The number which entered inwards 
in 180^, was 7095 outwards 323 ; which, from the two 
countries being at war, were of courfe nearly all neutral vef- 
fels. 1 

France poffrffes fuch natural advantages in the produce o» 
its foil, and the convenience of its fituation for procuring the 
commodities of all other countries, that while its manufac- 
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lures were encouraged, tnd it retained poffdfionR in the 
Kaft and Welt Indies, little inducement itmaincd for com< 
wercial intercourfe with Great Britain, and even this limited 
traffic was much impeded by the high duties and prohibi- 
tions which mutual jealoufy had tmpofvd. In 17 86 a more 
liberal fyftem was adopted by a treaty of commerce, in con* 
fcquence of which the trade between the two countries in- 
creafed conliderably. In the year 1792, the exports to 
France amounted to 1,228,166/. 3/. gd. of which 743,280 /. 
12/. id. was Britilh manufattures, and 484,88 j/. 1 1/, 8 d 
foreign merchandize. In the following year, the trade with 
France was fufpended by war, on the termination of which, 
in 1802, commiffioncrs were appointed for adj lifting the 
conditions of a new commercial treaty, but its completion 
was prevented by the renewal of hoftiiities. 

Hie trade with Portugal was formerly a very beneficial 
branch of our commerce, but has declined very much. The 
imports confift chiefly of wine, cotton-wool, and indigo, with 
confiderable fums in cafli and bullion. The exports are al- 
moft wholly Lritilh ptoduce and manufadures, 
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Gibraltar 

and the Strejchtb. 


Jmpoiti, 

Exports. 

si ips 

inward. 

Ships 

CUtv It J. 

£ 62 992 

£358.784 

47 

S') 

35 .% 

294.55 s 

£0 

43 

24,887 

362,971 

*9 

Si 

21,792 

530.537 

3* 

48 

2.3, r 1 2 

487 699 

'7 

48 

35.860 

560,399 

*7 

62 

42,919 

183,824 

*9 

59 


Years, 

J 799 

i*oo 

2801 

1802 

180.3 

1804 

1805 


ward9 was 24, outwards 83. 

Italy. 

Imports. 


Years. 

1798 

>799 

1800 


Imports. 

1,047,054 

916,848 


Expoits. 

£ 7 J°> 9 iS 
1,073,411 
1,011,893 


Years. 

Import?, 

Exports, 

1792 

£ 897.84° 

£ 794.101 

>793 

485,872 

476,726 

*794 

748,546 

934.554 

>79 5 

.992.853 

437.83° 

1796 

809,881 

546,126 


The year 1806 being a year of war, the trade with Spain 
was of courfe confined to neutral veffels : the number which 
entered inwards was 222, and the number which cleared out- 
wards 126. 

The Mediterranean trade was fubjed to much interrup- 
tion during the war which began in 1793, in confequencc of 
which many of the goods ufuaiiy imported from Venice and 
Italy were brought over-land through Switzerland and Ger- 
many to Hamburgh and Tonningen to be Ihipped for Eng- 
land. The Turkey and Levant trade was formerly one of 
the principal branches of Englilh commerce, but it is now 
of much lefs importance. The chief articles imported, are 
cotton -wool, mohair, goats’ hair, opium, fenna, and other 
drugs, galls, madder, vallonea, and other dye-ftuffa, currants, 
figs, railing, goat fkins, and box-wood 5 raw filk was formerly 
a principal article, but very little is now brought from 
Turkey, that of Italy being much fuperior. The exports 
confift of lead, tin-plates, wrought and caft iron, hardware, 
a confiderable number of watches, fome cotton goods, and 
a few woollen goods, India piece goods, coffee, fugar, cin- 
namon, cloves, pimento ana other fpices. The extent of 
the different branches of the Mediterranean trade will ap* 
pear from the following ftatements. 


Yean. 

*799 

1800 

1801 

1802 

1803 

1804 

1805 


£ 224.607 

41 T, 765 
165,042 
804,529 
748,020 
268,029 
393 * 5*7 


Export). 

. 07 . *73 

. 07 ’ 53 ° 

.378.007 

2,048,784 

656,607 

359.854 

5 ° 7>535 


Ships 

inward. 

69 

JI 5 

44 

127 

282 

76 

106 


Ship. 

OUtWAwi. 

8l 

I*.? 

94 

248 

74 
1I6 
nj 


In the year 1 806, the number of veffels which entered in- 
wards was 90, outwards 61. 


The total number of veffels which entered ipwards from 
Portugal in the year 1S00 was 340, of which 270 were Bri* 
tilh veffels. The number which entered inwards in the year, 
1806 wa9 468 ; outwards 332. 

1 he extent of the trade with Spain, previous to the war 
in 1796, will appear from the ftatement of imports and ex- 
ports. 


Malta. 


Yc.us. 

jSoi 

1802 

1 803 

1804 

1805 


Imports. 

Hxpoits. 

Ships 

inward. 

£ 11,448 

£ 88,735 

10 

16,698 

12,023 

.36 

8,922 

133.629 

22 

3W3 

114,031 

20 

9*3° 4 

127,515 

6 


Ships 

outward, 

14 

4 ' 

*5 

23 

12 


Ye. rs. 

Imports. 

Exports. 

Ships 

inward.] 

1800 

£ I 3 > 5 °° 

£ “.246 

19 

1801 

6,768 

36.13° 

I6 

3802 

22,J06 

21,478 

*5 


In the year j 806, the number of veffels which entered in- 
wards was 26, outwards 26. 

Minorca. 

Ships 
outwa-iL 

5 

>5 

5 

In the year 1805, the trade with Minorca ceafed, from iti 
having been reftored to Spain. 

Turkey and Levant. 

Yean. 

1799 

1800 

1801 

1802 
180,3 

1804 

1805 

In the year 1806, the number of veflel, winch entered m« 

wards was 23, outwards 3. 

The article* imported from the coall of Africa into Great 
Britain are gum arabic, gum fandarach, and fenegal, cam. 
wood, red-wood, ebony, ivory, a few oftrich feather*, and 
fome Across their amount in the year 1800 was 82,289 /. 
8/, SJ. The exports have hitherto been of far greater value. 


Imports. 

Exports. 

Ships 

11 ward. 

Ships. 

outward. 

£ 33.091 

£ 226,078 

3 

1.9 

1 99.773 

166,804 

*9 

6 

, 4 I > I 37 

172,198 

9 

13 

182,424 

j 80,000 

20 

18 

> 75,427 

>55.369 

27 

9 

148,277 

81,625 

16 

X 

i° 3 , 59 ° 

> 35,411 

22 

8 
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bring principally intended for thcpurchafe of (laves for the 
Wttt Indies. They confided of bugles* cowries* fpiritous 
liquors* a great number of guns and cutj&ffes, gunpowder* 
wrought brafc, copper and iron, glafs, earthen ware, rice, 
groceries, apothecaries’ ware, woollen, cotton, and linen 
goods, and large quantities of India piece goods. The total 
official value in the year 1800 was 1,017, 365/. 11 /• 5 d . 
of which J2t,922/. ip/, nd. was Britifh merchandize. 
The abolition of the infamous traffick in human beings, 
mud caufe a great revolution in the trade to this part of the 
world, as it appeared in the year 1789 that about 38,000 of 
the inhabitants of Africa were annually carried away in Britifh 
fhips for fupplying the colonies with (laves, which of coutfe 
employed a confiderable number of vefiels. The number 
of (hips that cleared out from Great Britain for Africa, in 
the year 1804, was 176. 

The Eaft India trade furnilhes a remarkable ir.ftance of 
an extenfive branch of commerce carried on fuccefiivdy in 
the hands of an cxclufivc company, while mod other com- 
mercial monopolies have made very (mall profits, and ge- 
nerally foon expired. The trade to India, however, fince the 
immenfe territorial acquifitions of the Englifh in that part, 
can no longer be confidered as a mere commercial adventure, 
as it is now in a great meafure a bufincfs of agency, for 
tranfmitting to Europe the fortunes acquired by Britifh 
individuals in theEad. The quantity of merchandize brought 
from thence, confcquently greatly exceeds the value of the 
exports to India. The latter confifts chiefly of woollens, 
metals, and naval and military dores, the remaining articles 
being of trifling amount in comparifon, and almod wholly 
for the ufe of Europeans, as the natives are peculiarly 
attached to the ufe of their own produce and manufactures. 
The exports to China include a confiderable amount in 
bullion, the other articles are woollen cloths and camblcts, 
lead, and tin ; the articles exported in private trade are, 
Ikins and furs, glafs of various deferiptione, jewellery, toys, 
and watches, cuttings of cloth, a very few woollens, fomc 
Cutlery and hard ware, and filver. The amount of rile 
company’s exports to India and China, will appear from 
the following datements. 


India. 


Seaton. 

Merchandise, 

or 

Mdsfr, 

Stores. 

H 

00 

t- 

>a 

Manufacture. 

£ 200,808 

£ 157,614 

£ 163,878 

» 78 a 

123.834 

183,356 

133.773 

178s 

9 5 ,* 5 > 

1*2,855 

77,237 

1784 

92,205 

93,806 

55,256 

204,226 

1785 

74.683 

80,152 

1786 

122,709 

97,899 

85,179 

2787 

108,388 

237.194 

153,603 

1788 

119,449 

99,028 

152,587 

a 789 

80,184 

a 73 .I 04 

100435 

1790 

75 . > 4 * 

, 9 I »944 

J20,52y 

17 9 * 

86,680 

124,889 

108,560 


baton* 

Merchandise, 

or 

ChiWA. 

Met all. 

Stores* Bullion* 

vfix 

Manufacture. 

£ *29.179 

£ *®*349 £ 2»206 

*78* 

94,992 

9 » 4«6 

*,717 

* 7 ®S 

113763 

4-579 

» 7.«35 

1,743 

•784 

*46,74* 

2,904 


224,612 

37.989 

7,503 724,317 


Merchandize 


Setfon. 

or 

Manufacture. 

Metal I* 

Stores. 

Bullion, 

J786 

202,025 

35,535 

6,97 a 

749,833 

1787 

3 * 3 > 107 

38,046 

7,289 

646,798 

1788 

335,39* 

59,208 

6,598 

489,19* 

I/89 

354,7*7 

>07,995 

7.769 

787,078 

1790 

411,38? 

105,707 

4,081 

532,705 

1791 

486,993 

99,448 

4,000 

422,098 


The imports from the Ead Jodies eonfid of Bengal piece- 
goods, coad and Surat piece-goods, Bengal and China raw- 
filk, tea, pepper, faltpetre, nankeen cloth, china, wrought 
filks, a fmall quantity of china-ware, fugar, coffee, indigo, 
and various drugs. The total amount of the imports, on 
the company’s account, and in private trade, according to 
the official rates of the iufpe&or-general’s office, was as 
follows: 


Years. 

Import,' 

Yens. 

Import. 

1781 

£ *,526,339 

1793 

£ 3 , 499 . 0*3 

1782 

626,3x9 

1794 

4458.475 

1783 

>» 3 °i »495 

179 * 

5,760,810 

>784 

2,996,652 

1796 

3,372,689 

>785 

*,703,940 

'797 

3,942,384 

178 6 

3,156,687 

1798 

7,626,930 

1787 

3430,868 

'799 

4,284,805 

17S8 

3453> 8 97 

1800 

4 > 94*« 2 75 

1789 

3,162.545 

1801 

5,424,441 

17,0 

3,149,870 

1802 

5,794,906 

, 79 I 

3.698,7 «3 

1803 

6,348,887 

1792 

a, 7 ° >,547 

*804 

5,214,621 


But a more accurate idea of the real value of the im- 
ports from the Ead Indies, may be formed from the 
annual amount of the company’s fales, which wan 

In 1801 £ 7,595,181 In 1803 ^6,042,526 

1802 6,626,347 1804 5,866,073 

The Weft India trade is, in fome refpe&s, the mod im~ 
portant branch of the commerce of Great Britain; as on 
the colonial produce which it fupplies, much of the trade 
with different parts of Europe chiefly depends. The value 
of the Britifh Wed India produce from the old iflandtj 
imported into Great Britain, on a medium of four years, 
preceding the 5th of January 175)6, according to the cur- 
rent prices during that period, was edimtted, exclufive of 
the duties, at about 6,800,000 4 per annum. This fum 
is not wholly a return for goods exported, a part of it mjift 
be confidered as remittances of the property of perfona 
who poffefs edates in the Weft Indies ; but who are wholly 
or occafionally refident in England ; and of perfons who 
have lent money on mortgage or otherwife m the Welt 
Indies, and receive their intereft from the fale of the pro- 
duce. 

Official Value of Imports from the Weft ladies. 

Britifh. Conquered 

Years# Weft Indies. lftaads. Total. 

1801 £ 6,759,617 £4,105,839 £ 10,865,456 

180a 7 j *93>3 j 6 *.699,504 9,993,820 

1*05 5,78643 a 562,014 6,148436 

The nine of the BritSfli Weft Indie iflaode, in e com* 
ipercial view, will be very confpicuoue from the following 
ftatement of the total quantitiei of fugarj ram. coffee, and 
cotton* wool, exported from them. 
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Sogir. 

Rum. 

0 'ffee. 

Cdtt)« W#ol. 

Yean. 

C«t. 

Calls. 

Cwf. 

lbs. 

>793 

2,129 750 

4,907.(55 1 

92,016 

9 > 7 M S 3 

>794 

2,141,921 

5 * 597-520 

141,007 

8,47.3» I 75 

>'95 

h74W39 

4.173734 

144,800 

1 1 *^75*49.5 

1796 

1,816,3184 

5 ’ 5 ^ 7*754 

94,086 

8,854,413 

1797 

1,636,681 

4,279,164 

114,947 

6,918,153 

1798 

2,015,602 

6,224,076 

165,075 

7,909,852 

1 799 

2,628 470 

6,270,449 

i.^»259 

7,5:9,881 

1800 

MM 997 

6.231,225 

180,374 

ic,6i r.,349 

i8or 

3.9?9>9S 8 

8,148,571 

199.359 

11,261,014 

1802 


8,676,.; 8 1 

2 30,148 

8.799,891 

j 803 

2,880479 

8,781,496 


5.6 jo,6ij 


The total number of ve (Tela which entmd inwards from 
the Weft Indies, in the year 1S04, was 721, containing 
204,411 tons, and navigated by J2,i 19 feamen. The number 
of veflcls which cleared outwards was 790. The value of 
Britifh produce and manufaftures exported to the Britifh 
plantations in the Weft Indies, cxclufive of the Conquered 
iflciiids, was .3,408,232 /. 

The trade with the United States of America , has 
rapidly advanced to very confiderable importance; and 
Great Britain now fupplies them with commodities to a 
far greater amount, than in the moft favourable years pre- 
vious to their independence, although the number of Britifh 
(hips employed is confiderably lefs. In the year 1789 
the number of Britifh veflcls which entered inwards in this 
trade was 253, the number outwards 358; in the rear 1799, 
the number which entered inwards was only 42, the number 
outwards 57, 


Year,. 

Imports, 

Expors. 

I79S 

£ 1.782 720 

£ 5 ’ 5 8o, 37 ° 

1799 

I,8i8 941 

7.056558 

l800 

2 >J 57 * 9 22 

6,885.507 


The total number of veflcls which entered inwards from 
the U'^ted States, in the year 1806, was 561, of wh'ch 53 
were Br»ti(h ; the total number which cleared outwards was 
573, of which o’ ly 39 were Britifh. 

The remaining pofl'efiions of Britain in North America, 
being countries not very fertile or fully it. habited, the trade 
with them is not of very great extent. The following 
ftatement of the exports to thofc parts in the year 1800, 
will, however, fhew that the trade is well worth preferving, 
independent of the confideration that it is the means of pro- 
curing articles of much importance in other branches of 
commerce. 


COMMERCE 

To Hudfons bay ■ 38.061 o 9 

Newfoundland 2 1 9458 5 it 

Canada - - - 460,155 *3 3 

New Brunfwick 81,230 15 4 

Nova Scotia - 177,083 17 10 

Total £ 975,989 13 1 


With refpeft to the general balance of trade, or the 
ultimate profit which G;eat Britain derives from its com- 
merce with all other countries, Mr, I> ving, the infpeftor- 
general of imports and exports, to whom the public have, 
for many year*, been indebted for the judicious arrange- 
ment and exportation of the official documents relating to 
foreign t y adc, has juftly remarked, that there are perhaps 
few qutftions to which the human attention can be direfted 
more.difRcult to form an opinion upon, from the variety of 
coufiderations, and the vail ftatementa with which it is 
connefted, and aTo from the materials on wlvch conctu* 
fions are to be formed, being in fome inftarecs defective; 
he has, however, dated it as his opinion, that the balance of* 
trade in favour of Great Britain, according to the triu* 
value of the goods exported and imported, amounted on a 
medium of the four years preceding 1796, to upwards of 
6,500,000/. per annum, exclufive of the profits derived 
from the Eaft and Weft India trades, which he eilimated at 
upwards of 400,000/. per annum; and exclufive of the 
profits derived from the fifheries. 

An accurate view of theprogrefs and extent of commerce 
in all the European ftates, would furnifh much informations 
but with refpeft to feveral, no authentic particulars of this 
kind have been made public, and the foreign trade of othus 
lias been fo entirely turned out of its uiul channel* fnce 
t v, e commencement of the war of the French revolution* 
that any account of its prefent ftate would he very incom- 
plete and unfativfaftory. 

With refpeft to domeftic commerce, we may obferve, th ;t 
the k ; ng is the arbiter of it; as it pertains to his prerogative 
to tftihhfb public marts, as nut kets and fairs, to regulate 
weights and meafures, and to give money, which is the 
univerfal medium of commerct, authority and currency. 

A great part of the foreign commerce of England is now 
carried on by collcftive companies ; fome incorporated by 
the king’s charters, with an exclufive privilege, as the Ealt 
India company; others only private aflbeiations, as theTurkey 
and Hamburgh companies. Company. 



Company 


COMPANY, a collective term, underftood of feveral 
perfons affembled together in the fame place, or with the 
fame defign. See Society. 

The word is formed of the French compagnie, and that of 
companio or companies , which, Chifflet obferves, are found 
in the Salic law, tit. 66 . and are properly military words, 
underftood of- foldiers, who, according to the modern phrafe, 
are comrades, or mefs-mates, i. e. lodge together, eat to- 
gether, Sec. of the Latin cum , withy and pants , bread . It 
may be added, that in fome Greek authors under the Weft- 
era empire, the word Kw/xirawa occurs in the fenfe of Jo - 
xiety. 

Company, in Commerce , is an aflbeiation of feveral mer- 
chants, or others, who unite in one common intereft, and’ 
contribute by their itock, their counfel, and ftudy, to the 
fetting on foot, or fupporting, of fome lucrative eftabiifti* 
ment. 

Though company and fociety, or fellowfliip, be in effe&, 
the fame thing, yet cuftom has made a difference between 
them ; fociety, or partnerfhip, being underftood of two, or 
three dealers, or not many more : and company ufually of a 
greater number. Sec Society. 

A fecond difference between compares and fccieties is* 
that the firft, efpeaaily when they have exclufivc privileges. 


cannot be eftablifftcd without the concefiion of the prince ; 
and need letters patent, charters, &c. Whereas, for the 
latter, the confeut of the members, fixed and certified 
by a &s and contrafts, and authorized by bye-laws, is fuf- 
ficent. 

The feveral profeffion3 and trades cxcrcifed in the city of 
London, being incorporated into dittiu& fraternities, govern- 
ed by their particular laws, a tabular view of them may not 
be unacceptable. 

The abftraft of their incorporations, and particular pri- 
vileges, is taken from the records of the ’Power, dec. and 
from the Firma-Burgi of Madox, the king's hiftoriographer; 
the account of their charities from thnfe eminent hiftoriana 
Stow and Strype ; and the fines of the liverymen on ad- 
miflion, arc taken from the returns to the clerk of the 
parliament, and the ferutiny-books made after the feveral 
polls for the magiftrates and reprefentatives of the city. 

The companies are here placed according to their pre- 
cedence, beginning with the twelve principal ones, of one 
or other of which the lord mayors have generally made them- 
felves free at their ele&ion, if they were not fo before for 
they are not only the oldeft, but the richeft, many of them 
having had the honour of kings and princes to be their mem- 
bers, and the apartments ot * their halls being fit to enter- 
tain a monarch. 


Companies. 

Halls. 

Incorporated A. D. 

Livery 



by 

fines 




/. /. d. 

1 Mercers 

Cheapfide 

Richard 11. 1393 

* 13 

n Grocers 

Poultry, Groc. alley Edward III. 1345 

20 0 0 

3 Drapers 

Throgmorton ftreet 

Henry VI. 1439 

25 O O 

4 Fifhmongcra 

Thames-ftrcet 

Henry VIII. 1536 

13 6 8 

5 Goldfmtths 

Fofter-lane 

Richard II. 1393 

20 0 0 


6 Skinners 

Dowgate-hill 

Edward III. 

1327 *5 

0 0 

7 Merchant Taylors 

Threadneedlc-ftreet 

Edward IV. 

1466 20 

0 0 

8 Haberdafhers 

Maiden-lane 

Henry VI. 

1407 25 

0 0 

9 Salters 

Swithin'slane 

Qj Elizabeth 

155 8 

0 0 

io Ironmongers 

Fenchurch* ftreet 

Edward IV. 

•1464 31 

10 0 


11 Vintners 

Thames-ftreet 

Henry VI. 1437 3* *3 4 

12 Cloth workers 

Mincing* lane 

Edward IV. 148a 31 JO 0 


Charitable Gifts paid yearly, and Pri- 
vileges, dec. 

30010 Exclafivc of 20 per cent, paid 
yearly to the widows of fubferib- 
ing clergymen during life, pur- 
700 fuant to a propofal accepted in 
4000 1698, when they fettled a fund of 
800 14,000 /. a year for that purpofe* 
1000 They had a privilege from Ed. IV. 
to infpeCt, try, and regulate all 
gold and filver wares throughout 
the kingdom, and to punifh all 
workers in cither that was adul- 
700 terated. 

2000 They were once ftylcd taylora 
and linen armourers. 

3500 Were anciently ftyled Milaners, 
becaufe they dealt in moft that 
5C0 came from Milan. 

1800 In 1724, Mr Betton, a Turkey 
merchant, left 26,000/. in truft; 
one moiety of the profits of it 
to be always applied to the 
ranfotn of Britifh captives from 
Moorifh flavery 5 the other for 
the poor of the company, and; 
600 to the charicy-fchool* m its city 
1400 and its liberty. 
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COMPANY 


Companies 


Dyers 

14 IWwt*™ 

15 LcUlliufe 


16 Pc*wtcrcrsJ 


Halls. 


Elbow-lane 
Addle ftreet 
Little Si. Helens 


Lime-ftrcet 


Incorporated A. D. 

by 


Livery 

fines 


Edward IV. 
Henry VI. 
Henry VI. 


Charitable Gifts, paid yearly, and Pri- 
vileges, &«. 

/. 


J472 


Edward IV. 1474 


/. /. d. 

15 0 0 

6 *3 4 

20 00* Hen. VII. made their ward- r, s in. 
fpe&ors of (beep, lamb, and calves leather 
throughout the kingdom. 

20 o 0 | By ad of Pari. 2$ Hen. VIII. their 
wardens had the infpe&ion ot pewter through- 
out England. 

17 Batber-furgeors f Monkwell-ftreet Edward IV. 1461 10 0 o + In the reign of Hen. VIII. the fur- 

geons of this company, then but 19, were exempted by parliament from ward and parilh offices, and from military 
fervice. They woe incorporated feparatcly bv 18 Geo. II. cap. 15. and the company of furgeons had an elegant 
hall in the Old Bailey, with a theatre for the diffe&ion of human bodies. They now form a royal college, and 
their houfe is in Lincoln's Inn fields. 

18 Cutlers 

19 Bakers 

20 Wax -chandlers 

21 Tallow-chandlers 

22 Armourers $ 


23 Girdlers |) 

24 Butchers f 
a 5 Sadlers 

26 Carpenters 

27 Cordwainen 

28 Painter- ftainers 

29 Curriers 

30 Mafons 

31 Plumbers 

32 Innholders 

33 Founders** 

34 Poultcra 
35, Cooks 

36 Coopers 

37 Tylers and bricklayers 

38 Bowycrs 


39 Fletchers f 

40 Black fmiths 

41 Joyners and cielers 

42 Weavers 

43 Woolmca 


Cloak- lane 

Henry V. 

1417 

10 

0 0 

Harp-lane 

Edward II. 

1307 

10 

0 0 

Maiden lane 

Richard HI. 

1483 

s 

0 0 

l)owgate-hill 

Edward IV. 

14 63 

1 5 

0 0 

Coleman-ftreet 

Henry VI. 

1423 

1 5 

0 0 

BafinghalUftrect 

Henry VI. 

*449 

5 

0 0 

Pudding-lane 

James I. 

1615 

11 

11 0 

Chcaplide 

Edward L 


10 

0 0 

London*wali 

Edward IH. 

1344 

8 

0 0 

Diftaff-lane 

Henry IV. 

1410 

10 

0 0 

Little Trinity-lane 

Elizabeth 

13R2 

H 

0 0 

Near Cripplegate 

James I. 

1605 

9 

13 4 

Bafinghall-ftrect 

Charles II. 

J 6/7 

5 

0 0 

Near Dowgaie-hiil 

James I. 

16x1 

10 

0 0 

Elbow-lane 

Henry VIIL 

15*5 

iO 

0 0 

Lothbury 

James I. 

I6J4 

8 

0 0 

No hall 

Henry VII. 

* 5°4 

10 

0 0 

Hall burnt 

Edward IV. 

1480 

10 

0 0 

BafinghalUftreet 

Henry VII. 

J5oi 

1 5 

0 0 

Leadenhall-flreet 

Elizabeth 

1368 

12 

0 0 

No hall 

James I. 

1620 

8 

0 0 


§ The braliers are united to tilts* corn* 
pany. 

|| Q. Elizabeth incorporated the pin- 
ners and wire-drawers with them. 

+ This is an ancient fraternity ; of 
which we have an account in the 
reign of Henry II. A.D. u8o. 


St. Mary Axe 
Lambeth-hili 
Thamcs-ftreet 
Bafinghall- ftreet 
No hall 


No charter 
Q. Elizabeth 

8 Elizabeth 
enry II. 
No charter 


*577 

1569 


o ** All braf9 weights made in London, 
or three miles from it, mull be fiz- 
cd with the company^ flandard, 
and have their mark } the averdu- 
pnis to be fealed at Gu * hall, and 
the troy at goldfmith's hall. And 
the. company are empowered by 
charter, to view and fearch all brafi 
weights, and brafa and copper wares 
made within the faid diftrid. 

10 o o It is only a company by prescription. 
800 
8 o a 
6 00 

No livery ; but they have a mailer, 2 wardens, 
and 1 j a Aidants. They are only a company 
by prefeription, yet fuppofed to have com- 
menced with the wool- trade. 

5 
5 
8 


o o 
0 o 
o o 


44 Scriveners No ball James I. 1616 

45 Fruiterers No hall J^mcs I. 1605 

46 Plaiftercra Addle ftreet Henry VII. 1501 

47 Stationers ft Ludgatc-ftrcct Philip & Mary 1557 20 o o ff This company, which alfo includes 

booklellers, lett*r-Founders, printers, and book-binders, have a ftock which is employed in printing almanacks. 

f a te I 8 il 3 cc. of which they have the foie privilege, by virtue of a grant from the crown. 

I his ftock confifts of fhares, which are diftnbuted in different proportions among tbofe who have fined for, or 
lerved the office of renter-wardens : whofe fhares, if they dis married, devolve to their widow*. They par above 
w •« yf- ar mvmBon and other charities. They are likewife trufteea for the difpofal of the confiderable le/acics of 
Mr. William Bowyer, a learned printer, (who died Nov. 18, 1778) confining of 30 1. a year to the moft learned 
journey mm that can be met with 1 and 180/. a year in annuities of 20 1. each to nine nc'ccffitooa printer, of Gxtr- 
tbree year* of age or upward, j bcfidcs other charities. 1 

48 Btoderera Gu«er.l«ie Q. Elisabeth i< 9 i too 

49 Upholder* No hail CKarle. I. 1627 4 10 o 

MhUcwd, No hall fonei L 1604 ,000 



COMPANY 

Companies* 

51 Turners 

52 liafket-makcrs 

53 Glaficrs H 
54. Horners 


College-hill 
No hail 


No hall 
No hall 


Incorporated A. D. 
b Y 

James I. 1604 
No charter 


Charles I. 
Charles I. 


Livery Charitable Gifts, paid yearly, and Pri- 
fines. vileges, dec. 

I /. d. 

800 

No iiveif ; yet a company by prefeription, go- 
verned by 2 wardens and 48 afliftants, with 
this motto to its arms. Let us love one ano • 
then 

3 o o || The glafs painters are incorporated 
with them. 

No livery ; yet they have a matter, 2 wardens, 


and 9 afliftants* with a warchoufe in Spitalfields ; where they divide in lots, among thcmftlves, fuch horns as are 
bought up by their members in Leadenhall and other markets : And in 1465, they obtained an act of parliament 
that none fhould be exported, but fuch as they refuftd. 

55 Farriers No hall Charles II. 2673 5 o o 

36 Paviours No hall No charter No livery ; yet it is a fellowfhip by preferip- 

tion, with 3 wardens, and 25 affiltants.- 

57 Loriners ^ London* wall Q^Anne 1712 10 00 

Apothecaries Black 07 a rs James I. 1617 16 o o They arc exempt from ward and pa- 

ri|h-officcs, and have a Ipaciou# ph\fic-garden at Chelfca ; which in 1721 was granted to the company for evei by 
Sir Hans Sloane, lart. the lord of the manor, on condition of their paying a quit-rent of 5 /. and continuing it al- 
ways as a phyfic-garden, and of prefenting every year to the Royal Society fifty famplts of different forts of 
plants, there grown, till they amount to two thoufand. — The latter of thefe conditions hath been longfinqe more 
than completed. This is what may be called a trading company. 

59 Shipwrights No hall James I. 1605 No livery ; yet they have a matter, 2 wardens, 

and 16 afliftants. 

to Speftacle-makers No hall Charles I. No livery ; yet have a matter, 2 wardens, and 

15 afliftants. 

Ci Clock- makers No hall Charles I. 1632 10 00 

62 Glcmrs, No hall Charles I. 1638 $ 1 7 4 

63 Comb- makers No hall Charles I. 1636 No livery ; yet they have a matter, 2. wardens, 

and 13 afliftants. 

64 Fat-makers No hall James I. 1604 j; 00 

65 Framework-knitters Red crofs-ftreet Cnaries IT. 1663 10 0 0 

66 Silk-throwers No hall Charles I. 1630 No livery ; yet have a matter, 2 wardens, and 

20 afliftants, 

67 Silkmtn No hall Charles I* 1631 No livery ; yet have a governor, and 20 afntl 

ants. 

68 Carmen, have no hall, nor charter, nor livery ; but arc a fellowship by aft of common council, with the title of 

Free Carmen of the city of London, and have a matter, 2 wardens, and 41 afliftants, under the direftijn of the 
lord mayor and aldermen. The carts that belong to this fellowfhip, which arc betwixt 4 and 500, arc, by an aft 
of common council, fubjefted to the rule of the prefident and governors of Chi ill's Hofpital 5 to whom 
the owner of every cart pays 17 /. 4^. a year for a licence to work it, and every cart is brought to the hofpital 
to have a number in bra fa put upon 11. 

60 PirMnakers No hall Charles I. 1636 No livery ; yet have a mailer, 2 wardens, and 


69 PirMnakers No hall 

70 Needle-makers No halt 

7 i Gardeners No hall 

72 Soap makers No hall 

73 Tin-plate -workers No hall 

74 Wheelwrights No hall 

73 Diftillers No had 

76 Hatband-makers No hall 

77 Patten-makers No hall 

78 Glafi fellei* and Jook ) N „ 

mg-glafs-makers J 

79 Tobacco-pipe-makers No hall 

8p Coach and harncfs-makcrsNohlc-ftreet 

8 1 Gunfmiths No hall 

82 Gold and filverwire-drawersNo bail 

83 Long-bow-ftring-raakcrs No hall 


0. Cromwell 1656 
James I. 1616 

Charles I. 1630 

Charles II. 1670 

Charles II. 1670 

Chirk 6 I. 1638 

Cnaries I. 1638 

Charles II. 1670 

Charles II. 1664 

Charles II 1663 

Charles II. 1677 

Charles I, 1638 

Janus I. 1623 


No livery ; yet have a mailer, 2 wardens, and 
1 8 afliftants* 

5 5 ° 

No livery ; yet have a matter, a wardens, and 
18 afliftants. 

No livery ; yet have a matter, a ntordens, and 
18 afliftants. 
to 0 o 
13 15 0 
1368 

Incorporated with the company of needle* 
makers. 

600 


No livery 5 yet have a matter, .2 .wardens, **nd 
18 afliftants. 

10 o 0 

JO b O 

No lrvery ; yet have a matter, a wardens, and 
18 afliftants. 

No livery ; yet a company by prefeription, and 


No charter 



COMPANY 


Companies 

Halil. 

Inorporated A. D. 
by 

Livery Charitable Gifts paid yearly, and Pri- 
fines. vilege6 t dec. 

84 Card-makers 

No hall 

Charles 1 . 

1629 

No livery ; yet have a matter, 2 wardens, and 

1 8 afliftants. 

85 Fan-makers 

No hall 

Anne 

1709 

No livery ; yet have a matter, 2 wardens, and 
20 afliftants. 


86 Woodmongers were a company incorporated with the carmen by K. James I. 1605, but furrendered their charter in 

1668 ; by an aft of common council in 1694, they obtained a privilege of keeping 120 carts, cxclufivc of the 
number kept by the carmen, extinS, 

87 Starch-makers, rxtinft No hall Jamea I. 1622 

88 Fifhermeu, extinft No hall James II. 1687 

89 Parifh clerk9 Wood-ftreet Henry III. 1233 By a decree of the Star chamber court in 

1625, they obtained a privilege to keep a prefs in their hall, for printing the weekly bills of mortality, by a 
perfon appointed by the archbi/hop of Canterbury. They arc, by their charter, to make a report of aH the 
weekly chrifteninga and burials in their feveral pariflies every Tuefday, and they have a matter, 2 wardens, and 
17 afliilants. 

90 Porurs, arc another fellowlhip, without hall, or. livery ; confiding of tackle and ticket-porters. They were con ft i- 

tuted a fraternity by aft of common council in 1646, with a power of annually chufing among thtmfdves 
twelve rulers, being fix of each denomination. However, the court of lord mayor and aldermen have referved to 
themfclves a power of appointing one of their own body, as the chief judge in all controverfies. One very laud- 
able cuftom of the mailer tackle-porters is, that fuch of their brethren as happen to be difabled from working, 
receive their fhare of all profits, as if aftually in bufinefs, during life. 

91 The watermen, wherrymen, and lightermen of this city and neighbouring places, were by aft of K. William III. 

conflicted a fociety, or company, under the direftion of the lord mayor and aldermen. They are to furnifh 
1000 men for the navy, upon demand by the admiralty. They have a nail at Coal Harbour, near the Thames j 
and pay to their poor about 800 L a year ; chiefly railed by ferries over the Thames on Sunday. 

N. B. The company of Surgeons, Pari fl\- clerks, Porters and Watermen, have not the privilege of making their 
members freemen of the city of London. 


From the foregoing lift, it appears on the whole, that 
there arc ninety-one companies, forty-eight halls, and that the 
number of liverymen, according to the moft exaft account 
that could be procured, in 1779, was 8954, but this number 
is variable. The fums of money yearly diliributcd in charity 
by only twenty-three of the companies, amounts to more 
than 23,655 /. ; and if but fortypounds each be annually 
given by the remaining fixty-eight companies, the whole will 
much exceed 26,375/. per annum. 

Company feema more peculiarly appropriated to thofe 
grand affociations, fet on foot for the commerce of the 
remote parts of the world ; as the Englifh and Dutch Eaft 
India company, South Sea company, MilTiffippi company, 
Ice. ; the rife and eftabliftiment of which, we (hall here fet 
.before the reader. 

However injurious companies with joint-dock, and in- 
corporated with exclufive privileges, may, at this time, be 
reckoned to the nation in general*; it is yet certain that 
they were the general parent of all our foreign commerce : 
private traders being difeouraged- from hazarding their 
fortunes in foreign commerce, until the method of traffic 
had been firft fettled by joint-ftock companies. From 
this principle it is, that we find feveral nations that are now 
endeavouring to improve their trade, and to eftablifti or* in- 
crease marine power, by the means of joint-ftock com- 
panies. 

But fince the trade of this kingdom, and the number of 
traders have increafed, and the methods of affurance of 
(hipping and merchandife, and the navigation to all parts 
of the known, world have become familiar to us j. thefe 
companies, in the opinions of moft men, have been looked 
upon in the light of monopolies: their privileges have 
therefore been leflened from time to time, m order to fa* 
vour a free and. general trade; and experience has (hewn, 
that the trade of the nation has advanced, an proportion as 
monopolies have been difeouraged. When companies do 
not trade upon a joint-ftock, but are. obliged to admit any 
perfoq properly qualified, upon paying a certain fine, and 


agreeing to fubmit to the regulations of the company, each 
member tiading upon his own dock, and at his own ri(k t 
they are called regulated companies . When they trade upon 
a joint-ftock, each member (haring in the common profit or 
lois in proportion to his (hare in this dock, they are called 
joint-ftock companies. Such companies, whether regulated 
or joint-ftock, fometimes have, and fometimes have not, ex* 
clufivc privileges. Regulated companies refemble, in every 
refpeft, the corporations of trades, fo common in the cities 
and towns of all the different countries of Europe ; and 
are a fort of enlarged monopolies of the fame kind. As 
no inhabitant of a town can exercife an incorporated trade, 
without firft obtaining his freedom in the corporation ; fo 
in moft cafes no fubjeft of the (late can lawfully carry on 
any branch of foreign trade, for which a regulated com- 
pany is eftabliftied, without firft becoming a member of that 
company. Of companies of this kind we have had, or ftill 
have, in Great Britain, the Hamburgh company, the Ruflia 
company, the Eaftland company, the Turkey company, and 
the African company. Regulated companies, as lir Jofhua 
Child has obferved, though they had frequently fupported 
public miniftera, had never maintained any forts or garrifona 
in the countries to which thly traded ; whereas joint-ftock 
companies frequently had. And in reality, fays Dr. Smith, 
(Wealth of Nations, vol. iii. p. 116.) the former feem to 
be much more unfit for this fort of fervice than the latter; 
partly; bccaufe the direftors of a regulated company have 
no particular intereft in the profperity of the general trade 
of the country, for the fake of which fuch forts and gar- 
rifons »ard maintained ; whereas the private intereft of the 
direftors of a joint-ftock company, is conceded with the 
profperity of the general trade of the company, and with th$ 
maintenance of the forts and garrifons which are ncceflary for 
its defence; and partly, becaufe the direftors of the latter 
company have always the management of a large capital, 
the joint-ftock of the company, a part of which they may 
frequently employ, with propriety, in building, repairing, 
and maintaining fuch secefiary forts and garrifons ; whiift 
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HHt directors of t regulated company, hiving the manage- 
vnent of no common capital, hive do other fund to employ 
in this way, but the cafuil revenue anting from the admit- 
fion fines, and from the corporation duties impofed upon 
the trade of the company. 

Joint-ftock companies,, eftablifhed either by royal charter 
or by aft of parliament, differ, in feveral refpefts, not only 
from regulated companies, but from private copartneries. 
I'll. In a private copartnery, no partner, without the con- 
tent of the company, can transfer his {hare to another per- 
fon, or introduce a new member into the company. E».ch 
member, however, may, upon proper warrrug, withdraw 
from the copartnery, and demand payment of his (hare of 
the common ftock. In a j intftock company, on the con- 
trary, no member can demand payment ol his fhare from 
the company ; but each member can, without their con- 
tent, transfer his {hare to another perfon, and thereby in- 
troduce a new member, idly. In a private copartnery, each 
partner is bound for the debts coutrafted by the company 
to the whole extent of his fortune ; whereas, in a joint* 
ftock company, each partner is bound only to the extent 
of his (hare. The trade of a joint-ftock company is always 
managed by a court of dirtftors, which is frequently fubjeft, 
in a variety of refpefts, to the controul of a general court 
of proprietors ; but thefe proprietors, being for the molt 
part totally exempted from trouble and from rifk, beyond 
a limited fum, receive contentedly fuch half-yearly or yearly 
dividends, as the direftors think proper to affign ; and 
many perfons are encouraged to become adventurers in 
joint-ftock companies, who would, upon no account, 
hazard their fortunes in any private copartnery. The 
direftors of fuch companies being the managers rather 
of other people’s money than of their own, it cannot well 
be expefted, that they fbould watch over it with the fame 
anxious vigilance with which the partners in a private co- 
partnery frequently watch over their own. Negligence and 
profuiion mull always prevail, more or lefs, in the manage- 
ment of the affairs of fuch a company. It is upon this ac- 
count that joint-ftock companies for foreign trade have 
feldom been able to maintain the competition agaiuft private 
adventurers. They have, accordingly, very feldom fuc* 
cteded without an exclufive privilege, and frequently hav$ 
not fucceeded with one. Without an exclufive privilege! 
they have commonly mifmanaged the trade ; with an ex«* 
clufive privilege, they have both mifmanaged and confined it. 
For other appropriate and juft obfervations on this fubjeft, 
in its reference to the African company, the Hudfon’s bay 
company, the South Sea company, and the Eaft India com- 
pany, fee Smith’s Wealth of Nations, vol. iii. chap. I. 

- When a company of merchants undertake, at their own 
rifle and expence, to cftablilh a new trade with fome remote 
and barbarous nation, it may not be unreafonable to incor- 
porate them into a joint-ftock company, and to grant them, 
in cafe of their fuccefs, a monopoly of the trade for a cer- 
tain number of years. It is the ancient and moft natural 
way in which the ftate can recompenfe them for hazarding 
a dangerous and expentive experiment, of which the pub- 
lic is afterwards to reap the benefit. A temporary mono- 
poly of this kind may be vindicated upon the fame principles 
upon which a like monopoly of a new machine is granted to 
its inventor, and that of a new book to its author. But 
upon the expiration of this term, the monopoly ought cer- 
tainly to terminate; the forts and garrifons, if it was found 
neoefltry to cftablilh any, to be taken into the hands of go- 
vernment, their value to be paid to the company, and the 
trade to be laid open to all the fubjefts of the ftate. With- 
out a monopoly! however! a joint-ftock company, as expe- 
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ricnce his (hewn, cannot carry on any branch of foreign 
trade. An eminent French author, of great knowledge in 
matters of political economy, the abhd Morellct, gives a 
lift of 55 joint-dock companies for foreign trade, which 
have been cftablilhed in different parts of Europe finre the 
year 1600, and which, according to him, have ail faibd 
from m’fmanagcment, notwitliftandirg they had exoufive 
privileges. A : though he has been m fi iform d with regaid 
to the hiftory of two or three of thtm, whyh were not 
joint-flock companies, and which have not fail'd; yet there 
have been feveral joint-flock companies, which have failed, 
and which he has omitted. 

The only trades which it fee ms pofliole for a j .int ftock 
company to carry on fuccefstully without an exclulive pri- 
vilege, are ihofe, of which all the opt rations are capable of 
being reduced to what is called a routine, or to fuch an uni- 
formity of method as admits of little or no variation. Of 
this k»nd is, firft, the banking trade; fecondiy, the trade of 
infurance from fire, and from fca-nlk and capture in time of 
war; thirdly, the trade of making and maintaining a navi, 
gable cut or canal; and fourthly, the fimilar trade of bring- 
ing water for the fupply of a great city. To render the 
eftablifhment of a joint-ftock company perfcftly reafonablc, 
with the circumftance of being reducible to ftrift rule and 
method, two other circumftances ought to concur. Firft, 
it ought to appear with the cleared evidence, that the under- 
taking is of greater and more general utility than the greater 
part of common trades; and, fecondiy, that it requires a 
greater capital than can eafity be collefted into a private co- 
partnery. In the four trades above-mentioned both thefe 
cirrtimftances concur. 

The joint-ftock companies, fays this judicious writer, 
which are eftablifhed for the public fpirited purpofc of pro- 
moting fome particular manufacture, over and above manag- 
ing their own affairs ill, to the diminution of the general 
ftock of the fociety, can, in other refpefts, fcarce ever fail 
to do more harm than good. Notwithftanding the moft 
Upright intentions, the unavoidable partiality of their di- 
reftors to particular branches of the manufacture, of which 
the undertakers miflead and impofe upon them, is a real 
difeouragement to the reft, and neccffarily breaks, more or 
lefs, that natural * proportion which would otherwift efta- 
blifh itfelf between judicious induftry and profit, and 
which, to the general induftry of the country, is of- all en» 
couragcments, the greateft and the moft effeftual. 

Company, African; fometime9 called f * Royal African 
Company,” the name of the original inftitutiisn. The firft* 
commercial voyage from England to the coaft of Guinea 
was in 1536, but nothing like a company was formed till 
the year 1588, when queen Elizabeth granted a patent for 
ten years to come, to fome merchants of Exeter, and other 
perfons for an exclufive trade to the rivers Senegal and 
Gambia. In 1628, king James I. granted a charter for 
eftabliftiing a joint-ftock company; but feparate traders con* 
tinuing to refort to the coaft, the company was footr dif- 
folvcd. Another company was erefted by charter in xftjt; 
which met with little fuccefs; and in 1651, the parliament- 
granted a charter for five years .to the Eaft India company, 
for trading to the Gold coaft in their way to India. The 
demand for negroes in the Weft India and American planta- 
tions increafing confiderably, another exclufive African or 
Guinea company was incorporated in x66a, at the head of 
which was the duke of York, joined with many perfons of 
rank and diftinftion. This company, like thofe that had 
preceded it, was unfuccefsful, and its charter was foon after 
revoked by confent of the parties affociated in* the enter- 
prize; in coofcquencc of which another exclufive company* 
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was incorporated by letters patent in 1612* They railed 
a capiral of i r r, ooo/. and improved the trade confiJerably; 
but at the revolution, the Well India planters joined the 
feparate traders in afferting that they were always beft: ferved 
with Oaves when the trade was free to all perfonsj and ex- 
clufive companies, whofe privileges had not been fan£lioncd 
by parliament, being conOdcred inconfiftent with the declara- 
tion of rights, the trade became open again 5 but all private 
traders were to pay 10 per cent, to the company, towards 
maintaining the torts and fa&ories on the coaft. This con- 
tribution was however found infufficient, and in 17.50 par- 
liament granted 10,000 /. for the purpofe, which was conti- 
nued annually till 1 744, when, in confluence of the war, 
20,000/. was granted, and in almoft every year (ince, a fum 
has been appropriated by parliament to this purpofe. 

As all the jomt-tlock companies which had been efta- 
blifhcd for this trade had appeared incompetent to carry it 
on with advantage, it was in 1750 (23 Geo. II. c. 31.) 
transferred to a regulated company, the members of which 
are deemed a body corporate and politic, under the title of 
The Company of Merchants trading to jifrica t but are pro- 
hibited from trading in their corporate capacity, from hav- 
ing any joint or transferable (lock, and from borrowing 
money under their common feal. Any perfon intending to 
trade to Africa, may become free of this company on pay- 
ment of forty (hillings; and out of the monies thus received, 
a fum not exceeding 800/, is allowed for the falaries of 
clerks and agents at London, Briftol, and Liverpool, the 
houfe-rent of their office at London, and all other expenccs 
of management, commillion, and agency in England. What 
remains of this fum, after defraying thefe different expenccs, 
they may divide among themfelves, as compenfation for their 
trouble, in what manner they think proper. The forts, 
fa&ories, &c. poffcffed by the old company on the coaft of 
Africa, are veiled in the prefent company, wl o continue to 
-receive an annual fum from parliament (generally about 
13,000/.) for the fupport of thefe eftablifhments: the fum 
granted in the year 1806 was 18,000/. For the proper ap- 
plication of this fum, the committee is obliged to account 
aunually to the enrfitor baron of the exchequer, which ac- 
count is afterwards to be laid before parliament. 

The company is under the management of a committee of 
nine perfons, three being chofen for London, three for Brif- 
tol, and three for Liverpool, annually. The committee are 
enjoined to lay an annual account of the application of the 
money granted to them before parliament. 

Although by the 4th of Geo. III. c. 20. the fort of Se- 
negal, with all its dependencies, had been veiled in this 
company, yet in the year following (by the 5th of Geo. 
III. c. 44. j not only Senegal atid its dependencies, but the 
whole coaft from the port of Sallee, in South Barbary, to 
cape Rouge, was exempted from the jurifdi&ion of that 
company, and vefted in the crown ; the trade to it being 
declared free to all his majefty’s fubieds. 

Before the eftablifhment of the Royal African company, 
there had been three other joint-ftock companies fuccemvely 
creftcd one after another, for the African trade. They 
were all equally unfuccefsful. They all, however, had ex- 
clufive charters, which, though not con6rmed by ad of 
parliament, were in thofe daya fuppofed to convey a real 
exclufive privilege. 

Compamiss,£j»{^. The Eqft India Company was efta- 
Uilhedby charter dated Dec. 31, 1600, by which the earl of 
Cumberland and % 1 < other penons were authorized to carry 
on an exclufive trade to all parts of the Eaft Indies, for ij 
years* under the title of ** The Governor and Company of 
Mmnataof London trading to the Saft Indies/ 1 They 
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raife-d 72,000 /. in (hares of 50A each, and fitted out five fhipa, 
which accomplifhcd their firft voyage very fuccdsfully, in 
two years and fevtn months. 

Having carried on the trade for about ten years, with 
different degrees of fucctfs, they obtained another charter 
dated May3r, t6io, by which the company wa* made 
perpetual. They had not yet adopted the mode of trading 
under one joint (lock, but carritd it on in fevcral co- 
partnerfhips and leffer (locks. In 1613 the proprietors of 
the feveral feparate (locks, united them into one general 
joint-capital ; and notwithflanding fome oppefition to tleir 
trade, both at home, and abroad, they prefer ved ai d ex- 
tended it, having at this time eftab)i(hed fa&ories at about 
twenty different places in India. In a vindication of the 
Eall India Company before the privy council, at a fub- 
fcqucnt period, among other remarks for (hewing the’great 
difficulties attending an Eaft India trade, it was afferted, 
that although tiny had a (lock of 1,500,000/. yet in fifteen 
years time, viz, from 1617 to 1632, their whole profit 
was no more than 12 and one-half per cent. 

In 1637, Charles I. rftablifhed a new cempany to trade 
to China and Japan, but it was foon ruined. The old com- 
pany likewife from its differences with the Dutch Eall India 
company, the encroachments of private adventurers, and 
other caufes, fell irto dreay^ and m 1 it was diffolved 
by Cromwell, afid the trade laid open. The mifehitfg 
which followed obliged him to re-'.ftablilh the c< mpany 
about three years after; their joint- (lock was now 739,78 2/., 
of which only ore half, or 369,891/. was paid in, and was 
properly their'capttal. Tht total exports of the company in 
three years, ending with 1660, was 227,82c/. in bullion, and 
23,763/. in merchandize. After the reft oration, they ob- 
tained a new charter from Charles II. dated April 3, i 661. 
By this charter it appears that the company had not then 
one foie transferable joint-ftock ; but that every one, who 
was free of this company paid a certain fum of money to 
the company on the fitting out of their fleet, for which 
he had credit in the company’s books, and received his 
proportionate dividend on the profits of the refpedlive voyage. 
The whole inveftir.ents were made by the company in their 
corporate capacity? but they were not eftablifhed as an 
irrevocable corporation, as they might be difiolved on three 
years notice. 

In 1664, the company’s dock fold at only 70 per cent., 
but in confeqnence of an inquiry into the ftate of their 
affairs, the reiult of which was very favourable, the (lock 
foon got up confiderably. New charters were granted in 
1669 and 1676, confirming all their privileges.' In the 
latter year, the company having made a confiderable profit 
by their trade, agreed, inftead of making a dividend thereof, 
to add it to their capital dock, fo as juft to double the 
fame, by which their capital became 739,782 /• 10 /. In 
confequence of the extcnfion and fucctls of their trade* 
which enabled them to make large dividends, their flock in 
1680 fold from 280 to 300 percent; but thefe great profits, 
and the doubtful authority on which they held their exclufive 
privileges, (not having the fandion of parliament) being a 
great temptation to individual adventurers, interlopers, 
who had often given them much trouble, became again very 
numerous, and attempts were made to get the trade laid 
open, or to have it veiled to a regulated company fimilar to 
thofe by which the trade with Turkey and with fome other 
countries was then carried on. The company, however, in 
1683 found means to obtain anew charter, by which all their 
former privileges were confirmed, and they were empowered 
to feize the (Hips and merchandize of all interlopers, to 
raife and maintain military forces* to oer rife martial law* 
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and to eftablifh a court of judicature for determining all 
mercantile caufcs, within their limits. In 168 6 they obtained 
another charter granting them (till greater powers and 
privileges. 

Soon after the revolution much popular clamour was raifed 
againft the Eaft India company; and in 1691 the houfe of 
commons add re fled the king to diffolve the company and 
incorporate a new one; an opportunity for which foon oc- 
curred, as in 1 693, the charter of the company became void, 
from their not paying the duty which had been impofed on 
their (lock within the time limited by the a6l ; but a new 
charter was granted them, on condition of fubmitting to 
fuch regulations as (hould be ordained before the 29th of 
September 1694 and which were contained in two charters 
foon afterwards executed. 

In 1698 the complaints of the weavers of London againft 
the importation of India wrought fiiks, and the company 
having been prevented by Ioffes from making any dividends 
for fevcral years, brought it into much dilrepute, and the 
houfe of commons thought it ncceffary to take the ftate of 
thtir affairs into conlideration. The company thought it 
prudent to offtr to advance 700,000/. for the public fervice 
at 4 per cent, intereft, provided the exclufive trade was 
legally fettled on them ; but a number of merchants, coun- 
tenanced by the chancellor of the exchequer, propofed to 
advance 2,000,000/. at 8 per cent, intereft, for fimilar pri- 
vileges. The latter propolal was approved, and an a6t 
paffed by which a new company was eftablifhed; many 
difficulties however appeared, with refpeft to their engaging 
in the trade, till the expiration of the three years notice for 
determining the old company. During this nnfettled ftate 
of the Eaft India trade, the old company's (lock had in 
about nine or ten years flu&uated from 300 per cent, to 
only 37 per cent. 

The great contentions which enfued between the old *nd 
new companies, foon rendered it obvious that little benefit 
would be derived from the trade, unlels a coalition betwten 
the two rival corporations was effected. This was accom- 
plithed in 1702, by an agreement that the old company 
(hould purchafe an equal proportion of (lock in the new 
company, and that the feparate tradrrs, who had fubferibed 
to the new company, but not to their joint-dock, (hould be 
included in the union. The old company was to keep their 
flock in the new company, in their corporate capacity for 
feven years, then to transfer it to their refpe&ive members, 
and refign their charter to the crown, from which time tht new 
company comprehending the proprietors of both, affumed 
their prefent title of “ The united Company of Merchants 
of England trading to the Eall Indies.” I11 J708 the term 
of their exclufive trade to India, which was determinable 
upon three years notice after 1711, and repayment of the 
fum they had advanced, was prolonged to three years notice 
after Lady-day 1726; for which they advanced to govern- 
nent 1,200,000 without any additional intertft. In 1712 
they obtained an a 61 for continuing the trade and cor- 
oration capacity of the company, although the fuma they 
ad advanced to government fhould be repaid • which 
repayment or redemption of their annual furd r .wa$ not to 
be made till the expiration of three years notice after Lady* 
day 173.3. 

The a& of parliament being liable to a different con- 
ftrudion from what was probably iutended, and the term 
granted being near its expiration, a very powerful oppo- 
sition to its renewal, was raifed m 1730, and fptcious pro- 
pofals were made to parliament for redeeming the fund 
pf the company, and transferring the trade to a regulated 
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company, with fimilar privileges. After a very full difeufliot 
of the fubjc6l, a new agreement was entered into with the 
company, who agreed to pay 200,000 /. towards the fervice 
of the current yea r, and to have the intereft payable to 
them by government reduced from 5 to 4 percent.; in confi- 
deration of which all their exclufive privileges were con- 
tinued till the expiration of three years notice, to he given 
after Lady-day 176 6, when upon re-payment of theii entire 
capital of 3,200,000/. their exclufive privileges were to 
ceafe, but the company to continue a corporation for ever, 
to enjoy the Eaft India trade in common with all other 
fubje&s. In confequence of this reduction of the intertft 
received from government, they thought proper to reduce 
the dividend payable to their proprietors from S to 7 per 
cent, and foon after to 6 per cent. 

In 1743 the company propofed to advance t, coo , 020/. 
for the fervice of the year 1744, at 3 per cent, intereft, on 
having the term of thtir exclufive trade enlarged for four- 
teen years, and being permitted to borrow a million on 
bonds. This propofal being accepted, the debt from the 
public to the company became 4,200,000/., and the ex- 
clufive trade was now extended to three years notice, to be 
given by parliament after Lady-day 1780, with the former 
provifion, that, after fuch determination, the company (hould 
continue fo have a common right with other fubjefts in the 
trade to India. 

The company not fubferibing to the redu&ion of intereft 
propofed in 1 749, the fpeaker of the houfe of commons was 
ordered to give them notice that the fum due from govern- 
ment would be paid off, unlefs they fubferibed before May 
30, 1 7 30: with this it was deemed prudent to comply, but 
a condition was made, that in order to enable the company 
to reduce their bond debt, they (hould be empowered to 
raife money by the fale of 3 per cent, annuities, to the 
amount of the debt of government to the company. Toe 
annuities thus fold were known by the title of 3 per cent. 
India annuities, and were for many years payable at the 
India houfe, but are now confolidatcd with the 3 per cent, 
redact d bank annuities. 

Hitherto the company had not afpired beyond their ori- 
ginal charafter of merchants, and merely poffefled fa£lories 
at the principal ports to which- they traded ; thefe fa6V»ries 
were, for the fafety of their meichandize and the proteftion 
of their fervants, converted into forts, which rendered it ne- 
ceffaiy to maintain a military eftabliftiment. Tims pofftflVd 
of the means of offence as well as defence, they made con- 
ftderable exertions to oppole ihe progrefs of the French in 
thofe parts ; and as the two companies each endeavoured to 
procure the affiltance of the neighbouring native princes, the 
field of intereft and ambition became much enlanjed. lu 
1731, the company fent a conlidcrable military force into 
the province of Arcot to fupport the nab »b againft hit 
rival, who was powerfully affilted by the French ; in which 
conteli they were engaged with lttle intermiffion for fevcral 
years. In Bengal, the company had carried on their com- 
mercial intercourfe without any connexion with territorial 
authority, till the death of the fubah Ali- Verdi- Khan, in 
17,6. This prince had viewed their increafiog opulence 
and power with great jealoufy, and a fhort time before hit 
death gave a remarkable charge to his fucceffor, in which 
he cautioned him to keep in view the power pf the Euro- 
pean nations in his country, and to free himfelf from their 
influence as fuon as pofiible. “ The power of the Engliftt 
is great ; reduce .them firft ; the others, will then give you 
little trouble. Suffer them not to have forts or folditrs ; if 
you do, the country is not yours.” In attempting to put 
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this advice into execution, Rou-Rajah-Dowla was completely 
defeated by the company’s forces, and the new fubah of 
their appointment, befides paying to the company a very 
large fum for their Ioffes and expences, ceded to them a 
confiderable territory in the vicinity of Calcutta. On the 
coaft of Coromandel, hoftilities were carried on again ft the 
French fcttlements with unequal fuccefs, but ultimately to 
the advantage of the EBglifh, upon which the fubah of the 
l)ecan concluded a treaty with the company, and ceded to 
them the entire circar of Msfulipatam. In 1760, the com- 
pany’s forces completely defeated thofe of France, and in 
the following year captured Pondicherry, the chief of the 
French fcttlements in India ; fince which events the power 
of France in India has been very infignificant. 

Such was the commencement of the company’s acquifi- 
tions of territory, which they have feized every fubfequent 
opportunity of extending, till the fovereigns of India, whofe 
protection they formerly courted, have funk into the fitu- 
ation of their dependents, and hold their precarious dig- 
nitica at the will and pleafure of a fociety of foreign 
traders. 

The annual fal’es of the imports of the company for fix- 
teen years preceding 17^7, amounted on an average to 
about 2,055,000/.; and for the fame period, the exported 
goods and llores amounted annually, at their prime coft, 
to 238,000/.; the bullion exported 10690,000/. per annum, 
and they paid in difeharge of bills of exchange 190,000/. 
per annum. 

Early in c 764, on the receipt of fome nnpleafant news from 
Bengal, India Rock fell 14 per cent. The general admi- 
niftration of the company’s affairs, both at home and abroad, 
became foon after the fubjedt of much difcufilon ; and on 
cyth Auguft 1766, the court of dire&ors received a notice 
from the fecretaries of Hate, that an in ve (ligation would 


take place in the next feffion of parliament. The aimtai* 
ftration laid claim to the territories which the company had 
acquired in India, with the revenue arifing from them, as of 
right belonging to the crown 5 but as the company were 
very unwilling to have this new fource of wealth taken out 
of their hands, a temporary agreement was made for two 
years, by which the company, in compenfation for thi* 
claim, agreed to pay to government 400,000/. a year. In 
1769, the agreement was renewed for five years, and the 
territorial acquifitions and revenues in India fecured to the 
company for that term, with a llipulation that the company 
fhould be allowed to increafe their dividend to 12 % per 
cent., but not to increafe it more than one per cent, in one 
year. 

They now became involved in a war with the famous 
Hyder Ally, in confequence of which, and of the mifeon- 
du6i of their ftrvants in India, the concerns of the company , 
from the moll flouriftiing fituation, were brought into the 
greateft embarraffments. Select and fecret committees of 
the houfe of commons were appointed to inveftigatc the 
Hate of their affairs; and in 1773, it appeared, not only 
that they were unable to make the ftipulatcd annual pa) * 
ment to government, but that it was neceffary to affift them 
with a loan of 1,400,000. Till this fum fhould be repaid, 
the dividend to their proprietors was not to exceed 6 per 
cent., and afterward not to exceed 7 per cent, till their 
bond debt was reduced to 1,500,000/. From thefe circum- 
ftances, the price of the company's (lock fell confiderably 
from the latter part of 1772 till February 1774, when their 
affairs began to wear a brighter afped. In 1776, the loan 
from government had been repaid, and their fituation being 
otherwife improved, the dividend on their flock was railed 
to S per cent. 


Statement of the Company *s Revenues, at their different Settlements in India, in the Tear ending April 1777 . 


To expences in Bengal, civil, military, and By nett revenues in Bengal - - ^ 2,500,000 

fortifications - £ 1,350,00© Benares tribute . 290,000 

To ditto at Fort St. George 560,000 Oude fubfidy - 370^000 

To ditto at Bombay - 560,000 By revenues of Fort St. George and the 

Circars 560,000 

2,270,000 Tanjore fubfidy - - 160,000 

Nett balance of the year’s revenues 2,770,000 By revenues of Bombay, &c. 160,000 


£ 4,040,000 ^4,040,000 


On an average of ten years, ending with 1777, the com- 
pany’s exports in goods were about 490,000/. ; in bullion, 
110,000/.; and the fum paid in difeharge of bills of ex- 
change, 458,000/. per annum. By the aid afforded from 
the revenues, their inveftments were increafed, fo as to pro- 
duce about 3.330,000/. per annum. 

In 1 779, an ad was paffed for continuing the territories 
and revenues in India in the poffefiion of the company for 
one year, which in 1780 was continued for another year. 
In June 1781, it was agreed to offer to pay into the ex- 
chequer 400,000/., in full difeharge of all claims of the 
public upon the company up to the 1 ft of March ; and as, 
*in the preceding year, they had received notice that the 
4,200,000/. due to them from government would be paid 
off on the 10th of April, 1783, it became neceffary to enter 
into a new agreement, the conditions of which were, that 
the company fhould continue to enjoy their eaekifive 
privileges to the ift of March, 1794, then to ceafc and deter- 
mine, uppn the former conditions of three years previous 


notice, and the repayment of all fums due to them. The 
furplus of their nett profits, after paying their dividends, 
were appropriated, three fourths for the fervice of govern- 
ment, and one fourth to be retained by the company ; and 
they were reftrided not to increafe the dividend of 8 per 
cent, more than 1 per cent, in any year. This reftri&ion 
was, however, foon found unneceffary ; for the nett profits 
of thecompany for the year ending ill of March, 1782, did 
not amount to fo much as a dividend of 8 per cent, on their 
flock by 22,023/.; in confequence of which, it became ne- 
ceffary for government to allow a farther time for the pay- 
ment of 396,466/. is. 6 d., which was due from the com- 
pany for cuftoms, befides a part of the fum which they bad 
agreed to pay in 1781; and they were at the fame time 
empowered, notwithftanding the above deficiency, to conti- 
nue their dividends at 8 per cent. In the following year* 
the war in India, and other circumftancca, increafed the tm- 
barraffment of the company’s affairs ; and, by a ftatement 
of their accounts to the iff of March, 1783, it appeared that 
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tbe nett, profits of that year did not amount to a dividend 
of 8 per cent, by 255,813/., which dividend they were ne- 
verttoelefs authorized bv parliament to continue: and, to 
enable them fo to do, government iffued exchequer bills to 
the amount of 300,000/., which the bank undertook to lend 
money upon to the company. 

The long and *xpcn(ive war in which the company had 
been engaged in India, terminated in March 1784, by the 
ratification of peace with the Myforean government; but 
the ccnfequence of this war, in addition to the war in Eu- 
rope, was the general derangement of the company N afiai 9 
both at home and abroad In December 178,3, February 
and May 1784* the directors laid before parliament fiich 
accounts as they then poffrfTcd, rrfpr&jng the general ftnte 
of their finances. But the imp 'fiihility of drawing any fa- 
tisfa&ory information from ftatements made up in fuch a 
fituation of their affairs, with the apprehensions which the 
m^afurcs then in agitation, relative to the future govern- 
ment of India, had excited in the public nrn \ reduced the 
Credit of the company to the lowell ebb. Their flock fold 
as low as 1 18^; their bonds at home, bearing 5 per cent, 
intereft, were negociated from l\ to 4 per cent, difeount; 
their bonds and certificates, at Bengal and Madras, bore 
from 18 to 40 per cent, difeount ; at Bombay 50 per cent.; 
and orders on the treafury there fold at 65, and upwards, 
ptr cent, difeount. 

It now became a general convi&ion, that the company 
was incompetent to the political government of the exten- 
sive territories which they had acquired. A. Board of Con- 
trol wa9 therefore ellablilhed, compofed of a certain num- 
ber of commifiioncrs to be appointed by the king, and 
rcmoveahlc at his pleafurc. This board was authorized to 
check, fuperintend, and controul, the civil and military go- 
vernment and revenues of the company. The difpatches 
tranfmitted by the diredlors to the different prefidcnciei 
were to be previoufly fubje&ed to the infpe&ion of the 
Board. The appointment of governor-general, prefident, or 
counfellor in the different presidencies, was made fubjeft to 
the approbation and recall of his majefly ; and fuch other 
rcgulat’ons adopted, as in a great meafure deprived the 
company of that political and civil authority which they had 
fufFered to be fo grofsly abufed. 

In 1786 fume further regulations were made refpe&ing 
the government of India; and, as the company’s trade was 
in creating, particularly in the article of tea, their import of 
which had been greatly augmented by the arrangement of 
the commutation ail, they were faid to require a great* r 
capita 1 , and were authorized to create 8co,ooo/. new flock, 
on which they raifed 1,240,00c/. at the rate of 155 per 
cent. In 1789 they obtained, another ail, enabling them 
to add 1 000,000/. to their capital, which thus became 
^5,000,0^0/. 

In the beginning of 1^93, the term of the company's 
exclufive privileges being nearly expired, the fubjeA of lay- 
ing open the trade to India was again difcufTed, and though 
it was not thought proper to rilk the lofs and confufion 
which n ufl unavoidably attend any attempt to take fuch an 
imir.enfe concern out of the hands in which it has fo long 
continued, a ftipulation was made in the agreement for the 
renewal of the charter, that fuch regulations fhould be 
adopted as to admit of a free exportation by private perfons 
on their own account, of any goods of the growth, pro- 
duce, or manufacture of Great Britain or Ireland; ana of 
a Free importation of fuch forts of the raw materials of the 
Eait Indies as are ufed in the manufa&ures of Great Britain 
or Ireland ; that the company fhould be obliged to provide 
(hipping for the carriage of the private trade, at as low a 


freight as it coil'd be Furnifhcd by private merchants; and 
that they fhould licenfe a proper number of agents to refide 
at the company’s ftttlements, under their protection, for 
the management of the private trade. On thefe conditions 
the company’s term in the cwlufivc trade was enlarged for 
20 years, or to the tft of March, 1814, with the former pro- 
vifo,that if, after the expiration of that term, their right to the 
foie trade {hall ceafe, in conf^qnence of three years previous 
notice b-ing given by parliament, and the repayment of fuch 
fums as may be then due from the public, they (hall Continue 
a corporation, with power to carry on a free trade in com- 
mon with other perfons. 

On this occafion, the total income of the company, anting 
both from their territorial revenues and their commercial 
concerns, was ftated as follows: 

The nett annual income in rents and profits of 
trade, taken in the irofl u-riivoyraHe light to 
the company, and fuppofed to be confidera- 
bly under the mark, was rat'd at - - • £2,329,164 

Sul je6t to the following pavments, viz. 

Intcrelt of 3,200,000/. on bond, at 

4 per cent. - - - £128,00® 

Ditto of 6,669,082/ d-bt in India, 
at various rates of intereft, on a 
medium about percent. - - 561,9*5 

Dividend of 8 per cent, on their ca- 
pital of 5,000,0c 0/. - - - - - 400,000 

1,089.923 

Leaving a nett annual furplus of ... - £1,239,241 

Of this furplus it was propofrd to appropriate 500,000/, 
per aim. to the redo Ann of the debt in India, to pay 
500,000/. per annum to government in half yrar'y payments, 
and to pay an increafed dividend of 10 per c: nt. to their 
proprietor* on 6,000,000/. to which fum thtir capital was 
now raifed. 

This annual furplus, if it rcaMy exifted at tl|c time to 
which the above account refers, was of very fhort duration. 
In 1 795 the company found themfelves unable to continue 
the propofrd contribution to government; and the intrigues 
of Tippoo Saib with the French, and with fome of the na- 
tive powers, which obliged the company to keep up a 
large military eftablifhment, and foon after to engage in 
another expenfive war, not only reduced the furplus of 
their revenues, but occafioned a confiderable increafe of 
debt in India, which has fince been further augmerted in 
confluence of hnftilities with Dowlut Rao Scindia and 
Jefwunt Rao Holkar, 

In order to furnifh fome idea of the extent of the com- 
pany’s commercial and financial concerns, the following ac- 
counts arc fubjosned. 

The amount of all goods fold at the Eaft India Company's 
Idles, from the ill of March 1805 to the iftof March 1806. 

Company's goods; viz. 

Tea* £3.6*0,904 

Bengal piece good* ..... 621,8 6a 

Coaft and Surat piece goods - - 614,317 

Raw and organzine filk - - - - 274,459 

Nankeens - - 65,240 

Pepper - - • 121,844 

Saltpetre - - ' 217,769 

Spices 1 1 4-545 

Drugs, fugar, coffee) &c. - • - 348*350 

5,999,29# 
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Private Trade goods, W«, 


Teas 

- - - £239.**.? 

Pen? goods ... - 

- . - 772,517 

11 uv Aik ..... 

- - - 44^28 

Nankeens 

- - . *1,489 

Pepper 

. - . 10,633 

Saltpetre ----- 

.... 144 

Drugs j fugar, indigo, See. 

. . . 1,693,916 


Dividends on (lock and intereft on bonds 
Bonds paid off and paid in on Tales - - 
Proprietors of private trade • - - * 

Pay to marine and military officers on fur. 

lough, and retired from fervicc - - 

Duty on tea paid 

Cafh in the treafury ill March 1807 - 
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£ ,.4 

? 7 °> 4*9 *9 * 
216,600 o o 
2 , 169,021 I J O 

WU 319 1$ ® 

3.184,41? 6 f 

511,978 16 4 


£13,288,527 ia 4 


Total . - - £8,781,442 


An Ei'limate of the revenues and charges in India, for 
the year 1806-7. 

Revenues. • 


Bengal £9, 148.711 

Miidrafa 5,021,325 

Bombay - - - - 677,203 


Total . . £14,847,239 

Charges. 

Bengal, civil and military txpenees . - - £6, 944*607 


Madrafs - do. ------- 5,370,218 

Bombay - -- do 1, 826,516 

Commeiv’ul chatges not added to invoices - - 192,769 

Intered of debts 2,27 C, 200 

11 , r» • r'.TTi . • m *' . 


Supplies to Prince of Wales 1 ifland, 5c c. - - 185,600 


Total - - 

Dcduft eftimated revenues 

- £16,804,010 

. . 14.847,239 

Deficiency - 

1 

! 0 

i 

; cv 

k 

» 


Account of the a&ual receipts and payments of the Eaft 
India Company, in Great Britavi, for one year, ending 

.1 nr % r\ 4 0 


the iff of March 1 So 7. 

Receipts. 

£ /• //• 

Cafh in the Treafury iff March 1806 - 669,794, 6 1 

For company’s goods f< 51 d .... 5,294,384 13 8 

Of the board of ordnance for faltpctre 160, oco o o 
Private trade goods fold - . - . . 2,114,269 8 IO 

Charges and profit on private trade - 163,462 19 2 

Culloms on do* - ..... 73,380 19 5 

Freight on do - - • 119,784 18 to 

Jntercft on red. 3 per cent, annuities • 36,266 15 10 

Of government, on account of a fum due 
to the company • 1, coo, 060 0 o 

Alms houfes at Poplar - - . . . 2,416 18 2 

Pci Tons returned from India ... 17,516 o o 

Bonds iffued - - - 517,000 o o 

Duty on tea received ..... 3,120,290 12 3 


Total - • £13,288,527 j 2 4 


Payments. 

Cuftoms 

Freight and dtmorage - - . . . 
Goods and ftores exported • - - . 
India debt ......... 

Bills of exchange from lxdia • - . 
Ditto from China ...... 

Bullion exported 

Changes of merchandise, including fupra 
cargoes, commiifion, intereft on loans, 
*c« - 


161,736 14 o 
1,689,040 9 4 
2 >* 7 <>> 79.3 7 8 
5°> 22 3 *9 5 
342,885 1 8 

641,994 t6 8 
514,432 16 8 


62 3,652 14 11 


The vafl concerns of this company are under the manage- 
ment of twenty -four dire&ors, who are formed into different 
committees; each committee having the fuperintendence of 
a particular department of the company's bufinefs. At the 
general courts of proprietors, ptrfons poffcfling 1000/. (lock 
have one vote; 3000/. two votes; 6000/. three votes; and 
10, oco/. four votes. The number of proprietors entitled to 
vote, on the 8th of April 1800, was 2163, and the number 
of votes 2832. 

Company, Hamburgh* is the oldeft trading eflablifhment 
in the kingdom; though not always known by that name, 
nor retrained to thofe narrow bounds under which it was af- 
terwards confined. It was firft called, the Company of 
Merchants trading to Calais, Holland, Zealand, Brabant, 
and Flanders : then it acquired the general title of Mer- 
chant-adventurers of England; as bung compofed of all 
the Englifti merchants who traded to the Low Countries, 
the Baltic, and the German ocean. Laflly, it was called 
the Company of Merchant-adventurers of England tradiug 
to Hamburgh. 

This comprny was not a fociety of dealers, each fur- 
rifting a part of the fum to conftimte the capital flock of 
the company ; but a mere aflbeiation, or body of mer- 
chant?, who had nothing in common, but the grant and 
privilege of trading to Hamburgh, and fome other cities of 
Germany ; each managing his own commerce, and trading 
on his own foundation ; only obferving a certain difciphnc, 
and fome regulations, which none but the company could 
cftablifli or change. 

This company was firft incorporated by Ed. I. in 1296; 
and cilablifted again, by charter, in 1406, under tbc 
reign of Henry IV. It was afterwards confirmed and aug- 
mented w’ith divers privileges, by many of his fucceffors ; 
among the reft, by Henry V. in 1413 ; Henry VI. in 
1422; Henry VII. in 1493, 1505, and 1506; Henry VIII. 
in 1509, 1517, and 1536; Edward VI. in 1547; queen 
Mary, in 1553 ; Elizabethan 1564, and 1586 y James I. 
in 1605 ; and Charles II. in 1661. But of all thefe char- 
ters, none but thofe of Henry IV. Henry VII. Eliza, 
beth, James, and Chailcs, w’ere of any importance, or gave 
the company any thing new ; the reft being only confirma- 
tions. Before the charter of Henry IV. all the Englifh 
merchants, who trafficked out of the realm, were left to 
their own diferetion, and managed their affairs with fo- 
reigners as might be moil for their rcfpe&ive intereftn ^ 
without any regard to the geueral commerce of the 
nation, 

Henry obferving this diforder, endeavoured to remedy it^ 
by uniting all the merchants in his dominions into one body \ 
wherein, without iofing the liberty of trading each for him-* 
felf, they might be governed bv a company ; and be fubjeft 
to regulations, which fhould fecure the general intereft of 
the national commerce, without prejudice to the intereft of 
particulars. With this view, he granted all the merchants, 
of his Hates, particularly thofe of Calais, then in his hands* 
a power of affociating themfclvee into a body politic, with 
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iJittftatt i nd governor*, both In Raglan i and abroad; to 
bold affemWies both for ihe direction of bufiuefs and the 
deciding of controverfies among merchants; make laws, 
punifh delinquents ; and tmpofe moderate duties and taxes 
on merchandizes and merchants to be employed in the fervice 
of the corporation. 

Thefe few articles of the charter of Henry IV. ere 
afterwards much augmented by Henry VII. who firft gave 
them the title of Merchant-adventurers to Calais, Holland, 
&c. gave them a power of proclaiming and continuing free 
fairs at Calais ; and ordered, that to be reputed a member of 
the fociety, each perfon (hould pay twenty marks ficrhng ; 
and that the feveral members {hould attend the genet A 
meetings, or courts, appointed by the dirtdjrs, whether at 
London, Calais; o.relfe where. 

The inexecution of this laft article and contempt of fome 
of the reft, occafioning great inconveniences to the compan) ’s 
affairs, another charter was procured, whereby the pain of 
imprifonmenf was menaced, for thofe who m >uld abfent 
themfelves from the meetings without lawful caufe, or fhonlJ 
difobey the laws. A petition being made to queen Eliza - 
beth, in 156;, for an explanation ot certain articles in the 
charter of Henrv VII. and a confirmation of the reft 
granted by other kings; that princefs, by a charter of the 
fame year, declares, that to end all difputes, they (hould 
be incorporated anew under the title of the “ Company of 
Merchant-adventurers of England that all who art* mem- 
bers of the former company fhould, if they dtfire it, be 
admitted members of this ; that they (hould have a common 
fcal ; that they (hould admit into their fociety what other 
perfons, and on what terms, they pleafe ; and expel them 
again on mifbehaviour ; that the city of Hamburgh, and 
neighbouring cities, fhould be reputed within their grant, 
together with thofe of the Low Countries, & c. in that of 
the former company ; that no member (hould marry out of 
the kingdom, nor purchafe lands, &c. in any city beyond 
fea ; and that thofe who do, (hall be ij>/o fufto excluded for 
ever. 

Twenty-two years after this firft charter, queen Elizabeth 
granted them a fccond ; confirming the former, and further 
granting them a privilege of txclufion, with a power of 
cre&ing in each city within their grant, a (landing councB, 

The woollen manufafturc being the principal objeft of 
their application, they met with great oppofnionj firft, 
from the Hanfe, who forced them frequently to change their 
mart, or ftaple ; and afterwards under king James I. who 
having ere&ed a corporation in 1616, in favour of fonty 
private perfons, who offered to fet up a manufacture for dyeing 
and prefling cloths, &c. under pretence thereof the com- 
pany of merchant-adventurers were prohibited dealing 
therein. But that projed not fucceeding, and the charter 
being revoked two years afterwards, the merchant- adven- 
turers, whofe company had been diffolved two years before, 
were reftortd in 1617, to their ancient privileges, and a new 
charter was given them, confirming their exclufive rights} 
and allowing them to have officers in the feveral culiom* 
houfes, to have an eye that they were not prejudiced in their 
woollens, under pretence of the like merchandizes, which 
others were allowed to fend to other parts. This charter of 
king James, is the laft of thofe confirmed by Charles II. in 
thegrand charter of 1 661. _ 

The revolutions which had happened in the Low Coun 
tries towards the end of the fixteenth century, and which 
laid the foundation of the republic of Holland, having hin- 
dered the company from continuing their commerce with 
their ancient freedom ; it was obliged to turn it aimoft 
wholly to the fide of Hamburgh, and the cities on the 
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German ocesn ; from which change fome people took oc- 
cafioo to change its name to that of the Hamburgh com- 
any, though the ancient title of Merchant-adventurers is 
ill retained in all their writings. 

This fociety was greatly reduced, when its trade was laid 
open by William III. and the company is now extin&. 

Company of Merchants of the Staple was incorporated 
by Edward III. Their factory was at Middleburgh, in, 
Zealand; but the ftaple being removed, in 13S9, to 
Calais, it was foon after, v i*. in 1390, removed from thence 
toEngUnd. 

Company, Rtijfia . This was firft projefled towards the 
end of the re’gu of king Edward VI. executed in the 
firft and fccond years of Philip and Mjry ; but had not its 
perfection, till its charter was confirmed by a Cl of parliament, 
under queen Elizabeth, in 1566. It had its rife from cer- 
tain adventurers, who were fent in three veffels on the difeo- 
very of new countries; and to find out a north-eail p adage 
to China ; thefe, falling into the White fea, and making up 
to the port of Archangel, were exceedingly well received 
by the Mufcovites ; and at their return, folicited letter* 
patent to fecure to thtmfelves the commerce of Ruffia, for 
which they had formed an affociation^ 

The charter was promiied them by Edward VI. but he 
dying, was firft difpatched by queen Mary, in tj55. 
this charter, the aflociation was declared a body politic^ 
under the name of the “ Company of Merchant-adventurer* 
of England, for the difeovery of lands, territories, iflands, 
&c. unknown or unfrequented.” Their privileges were, t<* 
have a governor, four confuls, and twenty-four affiftants* 
for their commerce; for their policy, to make laws, inflidt 
penalties, fend out (hips to make difeoveries, take poffeffion 
of them in the king’s name, fet up the banner royal of 
England, plant them j and Lilly, the exclufive privilege of 
trading to Archangel, and other ports of Mufcovy, noC 
yet frequented by the Englifh. 

This charter, not being fufficiently guarded, was con* 
firmed by parliament in the eighth year of queen Elizabeth j. 
wherein it was enabled, that in regard the former name waa 
too long, they (hould now be called “ Company of Englifh 
Merchants for difeovering new trades under which name* 
they (hould be capable of acquiring and holding all kind* 
of lands, manors, rents, &c. not exceeding a hundred 
marks per ann. and not held of her majefty ; that no part of 
the continent, ifland, harbour, &c. not known nor frequented 
before the firft enterprise of the merchants of their company, 
fituatc to the north, or north-weft, or north-eaft of Lon- 
don; nor any part of the continents, iflanda, &c. under 
the obedience of the emperor of Ruffia, or in the countries 
of Armenia, Media, Hyrcania, Perfia, or the Cafpian fea, 
(hould be vifited by any fubjefts of England, to exercife 
any commerce without the confent of the faid company, on 
pain of coufifcation. The faid company (hall ufe no (hip9 
in her new commerce, but thofe of the nation $ nor tranf- 
port any cloths, ferges, or other woollen (luffs, till they 
have been djred and preffed. That in cafe the company dit~ 
continue of itfelf to unload commodities in the road of the 
abbey of St. Nicolas, in Ruffia, or tome other port, oa 
the north coafts of Ruffia, for the fpace of three years, the 
other fubje&s of England (hall be allowed to traffic to Nar* 

▼a, while the faid company difeontinues its commerceTato 
Ruffia, only ufing Englifh veffels. 

This company fubfifted with reputation aimoft a whole 
century, till the time of the civil wars* It ia (aid, the 
czar then reigning, hearing of the murder of king Charles I* 
ordered all the Ruglifh in his dates to be expelled 5 which 
the Dutch taking the advantage of, fettled in their room 
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A'ter the reftoration, the remain* of the company re-efta- 
iliflied part of their commerce at Archangel, but never 
wth the fame fuccefs a* before : the Ruffians being now 
wtll uccii domed to the Dutch merchant*, and merchandize* 

This company fubfffis ftill, new to on the foot of that of 
Hamburgh, and the northern and Turkey companies} i. e. 
each member thereof traffieks for himfelf, and on his own 
foundation ; only paying an acknowledgement as fjne for ad- 
tniffinn, which was reduced by 10 and il W. III. c. 6, to 
five pounds; befides fomc other dues impofed, from time to 
time, for the occafions of the company, and the commerce 
in general. It is under the dircftion of a governor, four 
confuls, and affffiants. 

Company, EaJUand , is eftablifhcd on fimilar ground with 
that of Hamburgh} from whence it apptars to have been 
difmembered. 

Its charter is dated in the year 1579* By the firft arti- 
cle the company is erefted into a body politic, under the 
title of the u Company of Merchants of the Eall to confift 
of Englifhmcn, all real merchants, who have exercifcd the 
bufinefa thereof, and trafficked through the Sound, before 
the year 1568, into Norway, Sweden, Poland, Livonia, 
Pruffia, Pomerania, &c. as alfo Revel, Koningfberg, Dant- 
zick, Copenhagen, See, excepting Narva, Muicovy, and its 
dependencies. Moft of the following articles grant them 
the ufual prerogatives, of fuch companies } as a feal, gover- 
nor, courts, laws, Sc c. 

The privileges peculiar to this company are, that none 
(hall be admitted a member who is already a member of any 
other company ; nor any retail dealer at all. That no mer- 
chant qualified, be admitted without paying 61 . 1 3/. 6 d. 
By 29 C. II. c. 7. the fee of admiffion into this company 
was reduced to 2 /. That a member of another company, 
defiring to renounce the privileges thereof, and to be re- 
ceived into that of the Eaft, (hall be admitted gratis ; pro- 
vided he procures the fame favour for a merchant of the 
Eaft, willing to fill his place. That the merchant adven- 
turers who never dealt in the Eaft, in the places exprefftd 
in the charters, may be received as members of the company 
on paying forty marks; that., notwithstanding this union of 
>the adventurers of England with the company of the Eaft, 
each fhall retain its rights and privileges. That they fhall 
export no cloths but what are dyed and prefTed, except a 
hundred pieces per annum, which are allowed them 
gratis. 

This charter was confirmed by Charles I. in 1629, with 
this addition ; that no perfon of what quality foever, living 
in London, fhould be admitted a member, unlefs he were 
free of the city. 

This company was complained of as a monopoly, and firft 
curtailed by legal authority in 1672 ; and fince the decla- 
ration of rights in 1689, exifts only in name ; but they Hill 
continue to cleft their annual officers, who are a governor, 
deputy, and twenty-four affiftants. 

Company, Turkey , or Levant . This once flourifhing 
body had its rife under queen Elizabeth, who, in 1581, in- 
corporated a fmall number of merchants, with the privilege of 
an txchffive trade to Turkey for feven years. James I. in 
1605,. confirmed their charter, with the addition of fome 
new privileges.. During the civil war* fome innovation* 
were made in the government of the company ; many per* 
fona having been admitted members, not qualified accord- 
ing to the charter, or who did not conform to the regula- 
tion* preferibed, in confeqaence of which Charles II., up* 
on hie reftoration, endeavoured to place it upon it* ancient 
bafts, for which purpofe he gave them a new charter, con- 
taining a confirmation of the old one with fome additional 
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articles. By this charter the company wit declared to be t 
body politic, capable of making law*, Sec. urder the title of 
M The Company of Merchant* of England trading to the Sea* 
rf the Levant.” The number of members was not limited, 
but no perfon refilling within twenty miles of London, except- 
ing noblemen and gentlemen of quality, was to be admitted 
into the company, unlefs firft made free of the city of Lon- 
don : thofe under 26 years of age were to pay 2<; /. for 
their admiffion, and thofe above that age 50/. Thcfc fines 
were reduced by an aft paffed in 1753, (26 Geo. II. c. 18.) 
by which it is direfted chat every lubjeft of Great Britain 
defiring admiffion into the Turkey company, (hall be ad- 
mitted within thirty days after fuch requtft, and (lull en- 
joy all the liberties and privileges of the company, on paying 
for fuch admiffion the ium of 20/. 

All perfons free of the company may, feparately or jointly, 
export any goods or merchandize (not prohibited) from any 
place in Great Britain, to any place within the limit* of the 
company’s charter, in Briiifh or plantation built {hips, na- 
vigated according to law, at any time, and to any perfons 
whomfoever, being free of the company, or to the Tons or 
apprentices of freemen, fo long as they fhall remain under, 
and fubmit to, the direftion of the Britifh ambaffador and con- 
fula for the time being; and may alfo import, in like manner, 
any commodities purchafed within the company’s limits, on 
payment of the government duties, and fuch impofitions a* 
fhall be afieffid upon all merchandize fo exported or import- 
ed, or upon fhips laden therewith, for defraying the neceffary 
expences of the company. 

The company is under the management of a governor, 
a deputy governor, and fifteen direftors ; they have alfo a 
deputy governor in every city and port where there are any 
members of the company. They prefent the ambaffador 
which the king is to keep at the Porte, and cleft two con- 
fuls for Smyrna and Conftantinople ; allowing a fixed falary 
or penfion to the ambaffador and confuls, and even to their 
chief officers, as fecretary, chaplain, interprets, and jani- 
zaries, that they may not have any pretence for raffing any 
fum whatever on the merchants or merchandize. For de- 
fraying thefe charges the company have power to levy duties 
on the merchandize imported or exported by their members ; 
but of late years they have frequently found it neceffary to 
apply to parliament for pecuniary affilUncc. 

The commerce of this company was formerly very confider- 
able, having been eftimated nearly equal to that of the Eaft 
Indiacompanyin extent, andmuch more ad vantageousto Great 
Britain ; but the convenient fit nation of the French ports in 
the Mediterranean for the Levant trade, gives that country 
fuch a decided advantage, that the commerce ©f Great Bri- 
tain with Turkey has long been on the decline. In 1797, 
in order to avoid the hazard to which Briiiftt veffels in the 
Levant trade were expofed in confequence of the war, an 
aft was paffed giving permiffion to the members of the 
Tut key company to import the goods ufually brought from 
Turkey, Egypt, or other part* of the Turkifh dominions 
in the Levant fea*, from any port whatsoever, either in Bri- 
tifh veffels or veffels belonging to any friendly nation, on 
paying, if in Britifh veffels, the fame duties which would 
have been payable if the goods had been imported direftly 
from the place of their growth, ant" , if in foreign vtfftls, 
the duties to which they were befot : liable ; but no entry 
of fuch good* wa* to be made at the cuftom hoqfe till th* 
importer produced a certificate of his being a member of 
the Turkey company, and that he had paid the company’s 
duties, and in all refpeft* conformed to the company ’* regu- 
lation*. 
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C6m*4ny, South Sea, originated in s projeifl forrcliev* 
fog the government from the emharraflment of a large 
inflow nt of unfunded debts, and cor fidcrable deficiencies in 
♦he funds appropriated for the payment of others ; the pro- 
prietors of thefe debts being incorporated for tht ofteniible 
ourpofe of eftablifoing a trade to the fouth fcas and the 
N.W. coaft of America. The capital of the company 
was p* 1 7 ^ 4^-5 hut this being fubferibed wholly 
m government fecuritira, they ifl'ued bonds in i/ia, for 
railing 200,000/. in cadi in order to fit out their firft mer- 
cantile adventure. In the following year, they obtained 
the Afli-nto contrail, by which they agreed to import into 
the Spanifo Weft Indies 144,000 negroes, within the term 
of 30 years, at the rate of 4800 in each year, and were al- 
lowed to fend a (hip of 500 tons yearly to trade with the 
Spanifli fettlcments, on condition that the king of Spain 
ftiould have a fourth part of the gain by fuch fhip, and 
receive live per cent, on the nett gain of the other three 
pa*-t8. SrcAsSIFNTO. 

The firft voyage of their annual (hip was in 1717, and 
the company were again empowered to borrow mo* ey under 
their common feat, for carrying on their trade, or to enable 
them to fulfil an engagement with government to advance 
two millions towards carrying into execution a propoltd re- 
duction of intereft on the public debts. On the war break- 
ing out in the following year, a Hop was put to thrir trade 
with the Spanifo Weft Indies, by the feizure of their 
effects, by which they luftained a very considerable lofs. 

Soon after this interruption of their commercial concerns, 
they engaged in a fclicme for converting fome of the govern- 
ment terminable annuities into redeemable debts. They 
had, in 17 ij* for the accommodation of government, agreed 
to increale their capital to 10,000,000/., which, by the 
annuities now purchased, and an advance to government, 
became 1 1,746,844/. 8 s. 10 d. ; and although the fcheme 
did not completely fucceed, it prepared the way for the 
much more extenfive proje& of taking in all the public 
debts, and thus reducing all the public funds which theft 
exifted into one. 

The mere rumour of this mercantile projeft raifed the 
price of the company’s (lock to 126 per cent. ; and, in the 
beginning of 1720, while the bill for carrying it into exc*, 
cution was depending in parliament, their (lock g t up from 
*37 to 319 percent. As the tranfaftion confifted merely 
in taking the public debts at a fixed price, a»d giving the 
proprietors, in exchange, a certain quantity of the com- 
pany's capital ftock, at prices agreed upon between the 
company and the fubferibers, it is evident that the great 
gain which the company expefted to make, could arife only 
from the current price of their ftock being confiderably 
above its real value. By a variety of artifices, and a gene- 
ral ftock jobbing infatuation, it was carried up to the enor- 
mous price of 1000 per cent. : the rapidity of its fall, how- 
ever, exceeded that by which it rofe, as it was in a few 
weeks down to 130 per cent. ; involving in ruin perfons of 
all defenptions who were engaged in tnc wild fpeculations 
of the time. (See Bubble.) Had the tranfaftion com- 
pletely fucceeded, the capital of the company would have 
amounted to 43,411,399/. 6 s. ii\d., but from fome of the 
debtsremainingunlubfcribed,itbecame37,8o2,483/. 141. o\d. 
of which four millions were purchaftd in 1722 by the bank, 
and in the following year the remainder was divided into two 
equal parts, one of which was to be called the trading capi- 
tal of the company, and the other to be diftinguifhed by 
the title of ** The joint ftock of South Sea annuities , 99 
fince called old South Sea annuities. 

In 17 24, the company undertook, the Greenland whale 


fifhery, which turned out very unprofitable: after eight 
voyages, they fold their (hips, (lores, and utenfi.’s, and 
found that their whole lofs upon this bufinefs, capital and 
intereft included, amounted to 237,142 /. 6 s. 2 d. 

In 1733, three fourths of their trading capital, which 
had been reduced by fumspaid off in 1727, 1729,2nd 1732, 
to 14,651,103/. 8x. id., was converted into an annuity 
ftock called “ New South Sea Annuities/* only one fourth 
remaining a* their trading ftock ; and, in the following 
year, they petitioned the king to be allowed to difpofe of 
tht trade and tonnage of their annual fhip under the Af- 
fiento contract, on account of the little profit they made 
by it, and to accept of fuch equivalent as they could ob- 
tain from the king of Spain, who at length, to put an end 
to the many difputes which had arifen from this contraft, 
agreed, in 1750, to pay 100,000 /. to the company, as 
a compenfation for all claims under the Aflicnto contraft, 
and from that period they have not carried on any trade 
whatever. The whole bufinefs of the company, therefore, 
now confifts in the management of the following public 
funds. 

Their capital ftock *■ • £ 3,662,784 8 6 

Old South Sea annuities • 11,907,470 2 7 

New South Sea annuities - - 8,494,830 2 10 

Three per cents., 1751 - - 1,919,600 o o* 

The intereft received from government on all thefe funds, 

is 3 per cent., but the dividend paid to the proprietors of 
the company's ftock, is 3* per cent. ; on the old and new 
annuities, 3 per cent. 

The company is under the management of three govern- 
ors, and 2 1 dire&ors ; the qualification required for go- 
vernor, is the pufllHion of 5000/. in the company’s ftock; 
for fub-govtrnor, 4000/.; for deputy-governor, 3000/. ; and 
for a dire&or, 2000 /. Five hundred pounds ftock, gives' 

* right to one vote at the general courts ; 2000/. to two* 
Votes j 3000/. to three votes ; and 5000/. to four votes. 

Company, Scotch Darien. This was eftablilhed with 
good profpeft at Edinburgh, in 1693, for the commerce of 
South America. In 1698, they frnt an armament and a 
Colony, which they endeavoured to eftablilh in the iftbmua 
of Darien, which parts North and South America; but the 
Englifb miniftry not thinking proper to avow and fupport 
the firft fucceffes of the company, which had alarmed Spain, 
ever jealous of this part of her territories, the Scotch colo- 
ny was difperfed by the Spaniards *in 1699, and thus va- 
nished the beft projeft that ever was formed for difputing 
with that nation the poffeifion of thofe countries, from which 
foe pretends to exclude all other nations. 

Company, Hudfon's Bay, was incorporated by charter, 
dated the 2d of May, 1670, under the title of * The Governor 
and Company of Adventurers of England, trading into Hud* 
fon's Bay/' with the exclufivc privilege of trading to all 
parts within the entrance of the ftreight commonly called 
Hudfon's (freights. The charter, however, not being con- 
firmed by a& of parliament, the company poffefs no exclufive 
fights whatever, any Britifo fubje6t being at liberty to fail 
into Hudfon's Bay, to fifo or tramckwith the Indians as freely 
as the company ; all the advantage the company have over 
other adventurers thither is merely the benefit of their own 
forts, fucb as they arc, by which their agents can refide in fo in- 
hofpitable a country during the winter, preparatory to their* 
trading with the Indians againft the arrival of their llaipo in 
the fummer. According to the evidence given before a 
committee of the houfe of commons in 1749, the company 
then pofieflVd four fmall fa&ories, erc&ed at the mouths of 
the principal rivers, in which they employed about i$o per* 
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foni, and twe fmall liouiti with only eight men in each; 
thefe building* are neceflarily ftrong, as well to guard ngaintt 
the climate as againit other dangers, and are furnifhed with 
artillery to command refpeft from the Indians ; they have 
therefore been generally called forts, although no military 
force is kept for defending them : their inu ility in refitting 
any ferious attack, was obvious in 1782, when the French, 
who at former periods had done the company much injury, 
deftroyed their fettlemenu, forts, merchandize, &c. to the 
eftimattd amount of near 500,000 /. 

The capital of the company, it is faid, does not exceed 
110,000/. which is divided among a very fmali number of 
proprietors. The commerce cariicd on by them is not of 
great extent, as it feldom employs above four or five fliips of 
about 500 tons each. The articles exp nted by them are 
•oarfe duffle cloth or blanketing, guns, piftols, fword blades, 
hatchets, powder and toot, fpirits, tobacco, brafs kuties, 
buttons, filh hooks, looking glaffcs, Sc c. j the imports con- 
flit of large quantities of beaver /kins, and peltry of all 
kinds, bed feathers, quills, caftorcum, whakfins, oil, and a 
few fmaller articles. 

I he company is under the management of a governor, 
deputy governor, and a committee of feven members. 

Company, Sierra Leone, was fet on foot in the year 
*791* with the ^philanthropic view of introducing civilization 
tnto Africa. The principal means propofed for effeding 
this end was the eftiblifliment of a fecure faftory for carry- 
mg on an extenflve commercial intercourfe with the interior- 
bat before the arrangements for this purpofe were com- 
p eted, the reception into the futlement of near 1200 
blacks, who had taken part with Great Britain in the 
American war, and had petitioned the government to be 
removed from Nova Scotia on account of the coldntfs of the 
climate, involved the company in confiderable difficulties, 
and gave a new charader to the undertaking. Their ex- 
pences, from various caufes, became much greater than could 
have been forefeen, amounting in the firtt two years and 
a half to 1 1 1,500/. and were (till further increafed in iyn 3 
by the war, which at the fame time greatly interrupted their 
trade, and lubjedcd them to depredations. In Odober 
3 794 . the colony was attacked by a French fquadron, and 
all the moveable property of the company was either carried 
off or deftroyed, every building belonging to them burnt, 
and fevcral fo.ps captured. The company’s lots 0.1 this 
occafion has been eltimated at 52,000 /. This calamity, 
combined with their previous expences, fo greatly dimi- 
mlhed the company’s funds, as to lay them under a 
° fcon trauing their trade, and reducing confider- 
ably the fcale of their eftabhfhment, which had been at all 
times fo limited as fcarcely to afford fufficient means of 

^[ittKent a " d attendi " g *° tKe Va, ious 

_i" ‘i* ye Xn' 9 r lhc L coloi, y had confiderable pro- 
the many obltacles to its advance- 
•.u .u fhe *° wn of about three hundred houfes 

of confidera C hf ary f PUb iC r bui ‘ di,,gS ' and had become * 
l C £" blc r 5 fort \ I* was tftiinated that from one to 
two hundred natives vifited the fettlement every day, many 
of them coming from a dilUnce of eighty or a hundred 
for l he purpofe of exchanging articles of African 
produce, for Britifo manufactures. The total number of 
h r ab,ta „ nt8 °[ the colo '*y « this time was about 1200. 
f.»iL . he C 1 mpan 3 r ob t*ined a charter, creating their 

ffi«fe?. to an fr^ de ?a‘“ lc ? t C0l0 ° r ’ and « uthori «4 the 
tu rectors to frame laws for us government, to aonoint > 

fovernor and council, and to make other arrangements for 

“ e adminiftratten of jufticej a fmall military .force was at 
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the fame time fent for the defence of the colony. The fum 
of 7coo/. being part of the fum granted by parliament 

j. 

wlonv the fZr n the ?°r Pany a S re ' d to receive in their 
« y j - ® on Indians, and foon after their arrival 
employed them to quell an infurredtion among the Nova 

gomZent °A m r VO “ rcd “ po<Ilfs thtm(Vlve8 of the 

fltenvaTn Lk r fcr r ,( T attack on the colony was 
s teruard made by fome of the native chiefs in the neigh- 

S. .fdrf “ min,d “ - .dop. addition,! 

The fums fince granted by parliament for defraying the 

charges of the civi. eftabl, foment of the company? 3 for 

the eredlion of fortifications, have been as follow? 


For the year 


1801 

j 8 o 2 

1805 
1804 
iBof 

1806 


£ 4»o^o 
10, coo 

14.000 

14.000 

14 000 

18.000 


X 1 '? r radtf ? r the com P an >' appears to have been foe. 
sful, fuppohng it to have been burthened only with thofe 

pro ft ba C bTy ^nabYe "tTo 

intercourfe with the natives very confidently C °' mnerCIal 
Company, for die Manufatturc of Flour, Meal an, l 
Dread. During the diftrefs occafioned by the great icarci^ 
of corn, m the year i8co, a number of peffo, s * 
thcmfelves tnto a company, for the purpofe of eftablifoW 
in Fondoii a manufactory of flour rural ati/1 u j ^ 
be fold out at reafonable prices They were fo ’ *2 
by parliament, and empowered to fubferibe a joint camu^ 
not exceeding 120,000/. in (hares of 2 C /. J e di lheir 
profits being limited to ,0 per cent., and the furolus if 

W, >°, ru \ he difp ° ral of P a| hament. They w t rc 
limited to fell only ,20,000 fack, of flour, or 3 fo a 

W° "' ake 0,1 7 fucks into bread in a week and 
week T t he m m:„ t a han 'TX’ ^ ° f wtl '« in 2 

account; and were required to lay before pailiam^nT mi 

annual ftatement of their rceeinr. „ " uanun * an 

quantities of grain pttrehafed, with the priuHaid for the 

fame, of the quantities of grain and flour fo °r h * 

ETteSZ 2 l Sdi i S f £r d by the 

held'bveach the B me ? lberi ‘ of «• a " d the numblr offoale! 
triven tn ,1, " t ,c ^ e . regulations fufficient publicity is 
g n to the concerns of the company to prevent it frnm 
b « Dg ‘torn the original p P r S e 0 Z 


, - inuieiritnt to Uhemn nf 

poly of speculation; and though upon the fcarcitv e«fi 
they dtfeontinued making bread, they have carr/rf 0 *^’ 
manufafturt of flour and meal and ^ °? ttle 

to prevent thefe effemial ar ti c l es from K ' b y co,,,rlb,1,td 
enhanced m price, f bcu,g ““"tccflarily 
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The total quantity of 'wheat purchafed by the company 
in the year 1806, was 918a quarters, for which they paid 
51,655/. IQs, ; the quantity of flour manufn&ured was 
10,536 facks, The number of proprietors of the company 
waa 340. 

The king by an order in council may d’flblve thia com- 
pany on fix months previous notice being given. 

Company, DorL See Dock. 

Company, Dutch Eajl [nJia % had its rife in the midft of 
the llruggle which that people had for their liberty ; for the 
Spaniards having forbid all commerce with them, and Hint 
up all their ports, nectllity infpiredfome Zealauders to feck 
a new north-caft paflage to China. 

This cnterpri/c proving uufuccefsful to three fevcral 
armaments in 1504, 1 59^, and 15^6, a fecond company was 
formedunder the nameot the “ Company of remote Parts ; M 
which, in 1595, took the ordinary route of the Portugucfe 
to the Indies, and returned in two yeais and a half’s time, 
with little gain, but good hopes, 

Th’S ccmpany, and a new one juft cftabliftied at Am- 
fterdam, being united, equipped other fleets; and thefe 
©ccnfioned other companies at Amfterdam, Rotterdam, in 
Zealand, &c, infomuch that the llat'es foon began to appre- 
hend they might be prejudicial to each other. Under 
this concern they called all the directors of the fevcral 
companies together, who all confented to the union, the 
treaty whereof was confirmed by the Hates in 1602, a very 
remarkable cpocha, as being that of the moll folid and 
celebrated eftablifUment of commerce that cur was in the 
worid. 

At this time they obtained a charter from the dates ; 
and prevailed upon that body, by adminiftering to its 
exigencies in the Spanifh war, to grant them the exclufive 
privilrge of trading to the fouthern parts of Africa, for a 
Ihort term of years. The company’s capital of 6,500,000 
florins (about 541,85.3/. fterling) was divided into trans- 
ferable (hares, or aflions, as they arc called on the con- 
tinent, of 3000 florins (about *50/. fterling each), which 
were all (peedily bought up. The fupsriority of their 
trading capital, together with their greater (kill in commerce 
and navigation, enabled them to underfed all other nations# 
even in the foreign markets of Europe. As they alfo fixed the 

f iriccs of their merchandise to all confumers, their profits 
or fomc years were enormous. The annual dividends for 
the 6 years ending in 1610 were as high as j6 per eent.| 
qnd in a Ihort time, the a&ions role from 3000 to 1 j,ooo# 
and at one time flood as high as a 4,000 florins, 8 times 
the amount of their prime cult. The charter, firft granted 
in 1602, and fince renewed from lime to time, conferred upon 
them, befidcs the exclufive right of trading to the Eaft, 
the fovereignty (under the fuperintcndence of the dates- 
general) of all the territories which they might acquire in 
tnat part of the world, by purchafe, treaty, or conqudl, 
with the full power of appointing their own fervanta; of 
railing whatever force they might deem neccffary for the 
defence of their territories ; ana of ensiling law's for the 
internal adminiftration of their dominions. In confequence 
of this charter, the moft extenfivc that was ever granted to 
any trading corporation, the company proceeded to arrange 
their eftablilhment, both in Europe and the Eaft Indies. 
Their affairs were under the management of fixty dire&ors, 
divided into fevcral chambers ; twenty in that of Amfterdam, 
twelve in that of Zealand, fourteen in that of Delft and 
Rotterdam, and a like number in thofe at Sluys and Horn. 
As each grant expired the company was obliged to procure 
a new one, which it has already done* four times fince the 
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fiift/, vh.. one in 1 625, for forty-one years, like the firft a 
another for twenty-one years, commencing in 1643; and 
a third in 1665, for forty years; a fourth in advance, com- 
mencing in 1698, to end in 1740. Each grant colt the 
company a conliderable fum; that of 1647 coll i,6cc,ooo 
guilders, and the two following ones more; that of 1698 was 
comfnmcd by a placard of the Hates general, granted them 
an exclufive privilege, which wa3 prolong'd in 1761, for 
thirty years more. The average premium paid lor thefe 
renewals was about 270,000 /. fterling, or three millions 
of florins. 

Tneir fairies, rcfidcnces; &c. in the Eaft Indies, were 
very numerous ; reaching from the Ptrfi ingulf to the coaft 
of China: the principal was that of Batavia, the centre of 
their commerce : here refided the general, with the ftate 
and fplendor of a fovereign prince ; making war and peace 
with the eaitern kings and emperors at pleafurc. They had 
alfo feveral other confiderable fadloriea on the coafl of 
China, in Japan, Malacca, Surat, Amboyna, Banda, Siam, 
Moluccas, &c. feveral on the coaft ol Coromandel, and at 
Ifpahan, Cape of Good Hope* &c. in all, they numbered 
forty fa&ories, and twenty-five fortrelfes. They engroffed 
the whole trade of the fpicery in their own hands. 

At fo early a period as the year 1616, this company' had 
fio lefs than 45 Urge vtfTels engagtd in war and trade, with 
10,000 foldiers and failors in their fender, and 4,000 piece* 
of artillery. However, the flourifhing ftate of their affairs 
was of Ihort duration. The mifmanagement and plunder of 
the company’s fervants, and the difputes in which their 
cruelties, avarice, and imprudence involved them with the 
native powers during the 17th century, and the diffenfiona 
which arofe among the different chambers of the general 
direftion at home, greatly reduced the trade, wealth, and 
power of the iiiibtution. The expence of the military 
eftablilhment alfo increafed; fo that at the end of the 18th 
century, it amounted to 80 veffels, carrying from 30 to 60 
guns, and 25,000 men, foldirrs included, while the whole 
dominions in Java, and its dependencies, were farmed for 
361,260 dollars. The dire&ors acknowledged that, in 1780* 
their lofs in the war had exceeded 10 millions of florins, 
nearly twice the amount of their original capital. In the 
1 8th century the Offend Eaft India company excited the 
jealoufy of the Dutch company. In 17?. 1, a law was pafiVA 
by the ftate=, prohibiting their fubjefts from failing under the 
Oftend colours, upon pain of death : and in 1731, this un- 
fortunate afljciation was diffolved in confequence of repre- 
fentations from the different European ftates interfiled in the 
Ealt Indian trade.; among which Holland, that is the 
Dutch company, took the Lad. Various precautions have 
been ufed to fupport the credit of this company, fome of 
which were opprefiive to the country; neverthelefs, its 
(hares have continued to fall with augmented rapidity. In 
the period from 1605 to 1779, the dividends have varied 
from 75 to jo per cent.; and in many years no dividend at 
all was iflued. From 1605 to 1610 (both inclufive), 
the dividend was, at an average, 36 percent. From 1610 
to 1648, the average was only 21 ; and from 1771 to 1780# 
it was no more than per cent. The price of the actions, 
which had at firft rifen to 500, and even 800 per cent, of 
the prime coft, fell, in the period from 177010 1783, to 
about 340 per cent., and during that time continued re- 
gularly to fall. The laft dividend this once flourilhing com* 
pany made to their proprietors was in the year 1796 ; but 
it was not paid tftli 3799, as their commerce, which had betu 
rapidly declining for the laft 30 years, was entirely fuf- 
pended. 
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Company, Dutch IVtJl helm, was'eftab ! i(hed in 1621, with 
an exclufive privilege to trade twenty-four years along the 
coa/ts of Africa, between the tropic of Canc^f* and Cape of 
Good Hope} and in America, from the south point of 
Newfoundland, through the (traits o* Magellan, that of Le 
Maire, or others, to the ftrnits of Anian, both in the north 
and fouth Sea. 

Be (ides thefe commercial privileges, the dates conferred 
upon the corporation the light of governing and defending 
any new colonics which it might acquire j and made it a 
prefert of fevtral large vcflels, well manned. They retained 
to themlclvts, however, the nomination of the company’s 
govcrnor-grnenl abroad. The original capital of this afl'o- 
ciation amounted to 72,000 florins, in transferable fliares, or 
actions, of 6000 fl irins each. 

The 74 directors were divided into five chambers (as in 
the Fait India company), out of which, eighteen, with a 
deputy appointed by the Hates, were chofen for the general 
direction of affairs. In 1647, the company renewed its 
grant for twenty-five years ; but it was fcarce able to hold 
out the term, on account of its great lofies and expences in 
taking the bay of Todos los Santos, Fernambuc, and the 
greateft part of Brafil, from the Portugucfe. The weaknefs 
of this company, which had ftveral times in vain attempted 
to be joined to that of the Eaft Indies, occafioncd its diffo- 
lution at the expiration of its grant 

In 1 6* 4, a new company, compofed of the ancient pro- 
prietors and their creditors, was fettled in the*, fame rights 
and dlablifhment with the f nmer. It was to undertake the 
burden of the old company’s debt, amounting to fix mil- 
lions, but reduced to 30 per cent. ; and was to accredit in 
its books the proprietors of the old company’s flock, at the 
rate of 15 per cent. The creditors, on their part, were to 
advance an addition of 8 per cent, on their loans ; and the 
llockholders were to advance 4 per cent, on their fhares. 
The new capital, thus feraped together, amounted only to 
630,000 florins. The exclufivc commerce of the company 
was limited to a certain part of the African coaft, befides 
the conquefts they fhould make ; and its principal eflablifh- 
ments were at Cape Vcrd, on the Gold Coaft, at Tobago, 
CurafToa, &c..in Amerita. The reft of the trade monopo- 
lized by the former company wa3 now thrown open to all 
the fubjeds of the republic. In 1730, when the charter 
was renewed, the African fhve-trade was made free, on con- 
dition of a certain laflage being paid to the company ; and 
in 1734, the whole African trade was laid open upon the 
fame terms. As the united privileges of the company were 
not fufficient to counterbalance the various disadvantages 
under which all frefh inftitutions labour, they obtained, in 
1682, the exclufive management of the colony of Surinam, 
for the trifling fum of 260,000 florins paid to the ftates-ge- 
neral. This grant was accompanied by certain conditions, 
framed with the manifeft view of preventing the abufes com- 
mon to trading corporations. Under thefe reft rift ions, the 
company was not able to dtfray the expcncc of the original 
purchafe-money paid for the charter ; and, therefore, in the 
next year, one-third fliare was fold to the city of Amfler- 
dam, and another to the rich family of Sotnmclfdyk, refvrv- 
ing the remaining third to thetnfelves. Thefe three co- 
proprietors have unce continued to form a fociety or part- 
nerfltip, under the name of the “ Surinam Company,” 
regulated by the charter originally granted to the Weft 
India company. Except in the government of Surinam, 
this aftbeiation has had no connexion with the Weft India 
company, which, of courfe, continued to furnifh negroes to 
the fettlcmcnt, in its capacity of African company, until 
the year 1730. 


The progrefs of the dividends and prices of Weft India 
flock will enable us to judge concerning the profperity, not 
only of the Surinam fociety, but alfo of the concerns of the 
Weft India company. The average dividend in ten years, 
ending 1690, was per cent.; and from 1773 to 1779 in 
clufive, nothing at all was divided. The aftions have never 
been at par; their price has varied from 92^ to 18 per cent, 
finct the year 17 23. The average price during ten years, 
ending 1732, was about 8 r 4 percent. During ten years, 
ending 1779, it had fallen to 32 £ per cent. The fettle- 
ments of Effequibo and Demerary have been always under 
the charter of the Weft India company, as well as Surinam, 
and governed in the fame manner. Berbice, though within 
the company’s charter, owed its origin to the fpeculations 
of the family of Van Pcere ; and all the cultivated part of 
the colony belonged to them. In 16^8 they obtained a 
perpetual grant of it from the company, which was con- 
firmed in 1703 ; and when the French attacked it in 1712, 
the colony bought them oft* with a confiderable compofition. 
The money was paid by their great mercantile houfes, and 
one fourth of it by the Van Feeres, who thus transferred 
three-fourth fhares of the colony to the other merchants as 
co-proprietors ; and the four houfes together formed a co- 
partnery or company at Berbice, adminiftered exaftly in the 
fame manner with the Surinam fociety. The proprietary 
governments of North America differed from the company 
adminiftrations of Guiana in many important particulars. 
They were the confequence of large and thoughtlefs grants* 
made by the court to favourites, of wafte and uninhabited 
lands. As the Britifh colonies were fubfet vient to the )e- 
giflature of the mother-country, the Dutch colonies owed 
the fame allegiance, not to the ftates-gcncral, but to the 
proprietors. The ill fucctfs of the Weft India company 
furnifhes an uftful example of the manifold evils of company 
government. This company muft of late have been annihi- 
lated by the capture of all their fettlements. 

Company, Dutch North , has no exclufive privilege ; the 
advantage of its patent being of another kind, and very 
confiderable. 

There are alfo, in Holland, companies for the Baltic fe^, 
the fifhery of Nova Zembla, Davis’s Streights, and Green- 
land : yet none of their fifheries are interdifted to private 
traders ; all the difference between thefe and the companies 
confiding in this, that the former may not go aftiore to cut 
their fifh in pieces, and melt their lard ; but muft bring their 
luggage to Holland. 

Com tan y, Dutch Levant. In ftriftnefs, there is no Le- 
vant company in Holland ; but the commerce of the private 
traders is fo confiderable, that the date has taken the regu- 
lation thereof on itfeif. 

To this end, they have cftabliftied a chamber of direftion 
at Amfterdam, compofed of fix deputies, and a regifterj 
who, under the burgomafters, take care of every thing re- 
lating to the commerce of the Mediterranean ; efpecially 
that of Smyrna and Conftantinople. 

This company names theconfuls, appoints the number and 
ftren gth of convoy?, terminates d'ffe’-ences among the traders, 
and has alfo a right, on occafion, to add new regulations to 
the old ones; though thofe be of no force, till confirmed by 
the ftates general. 

Company, French Eqfl India , was eftabliftud in 1664, 
with an exclufive privilege to trade for fifty years in all the 
fean of the Eaft Indies and South Sea; no adventurer to be 
admitted without a thoufand iivrcs in flock; and foreigners, 
who have t wenty thoufand livres in flock, to be reputed 
regnicoles. 

The patent grant! them the ifland of Madagafcar; and 
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tli- king to be at one fifth of the expence of the three firft 
armaments* without intereft; the principal to be refunded 
in ten years : or, if the company finds it lofcs on the whole, 
the lofs to fall on the king's fide. 

The capital fund of the company, which was moftly fur- 
ni(h*:d by the king, was ft-ven or eight millions of livres, but 
was to have been fifteen millions. 

Tn effed, though no means were wanting to fupport the 
company, yet it Sill drooped, and {till tt niggled; till, hav- 
ing lubfifted ten years without any change in its form, and 
being no lo ger able to difeharge its engagements, there 
were new regulations concerted, but to little purpofe. At 
length, things not being difpofed for a new Eaft India 
company, nor much good to be expe&ed from the old one, 
in i;08, the minillry allowed the dire&ors to treat with the 
rich traders of St. Malo, and refign to them their privilege 
under certain conditions. In the hands of thefc lall, the 
company began to flnunfh. 

I f » chief fa&ory was at Pondicherry, on the coaft of Co- 
romandel; this Was the refidence of the dire&or-gt nml ; 
the other factories were inconfiderablc. The merchandizes 
which the company brought into France were, iilks, cottons, 
fpicts, coffee, rice, faltpetrc; fcveral kinds of gums and 
drugs, wood, wax, printed calicoes, tnufhna, & e. The 

tiade was laid open in 1769, which foon reduced the com- 
pany to a fet of mere holders of the government fund J . A 
new company was eftablifhed in 1785 with the privilege of 
an exteniive trade to all parts of the Eaft Indies, except the 
Ifie of France and its dependencies. This exception muff 
have prevented the company from fucceedirg; but the ex- 
periment had fcarcely been made when the trade was again 
laid open by the national affmhly in 1790. As for the 
other French companies, fuch has been the ftate of the 
country, they are all, we prefume, extin£; and it is need- 
lefs to give any account of them. Such were the French 
IVefl India company , eftablifhed in 1664, and pofftffing by 
their charter the property and (cigtiiority of Canada, Aca- 
dia, the Antilles ifland, tht ifle of Cayenne, and the Terra 
Firma of America, from the river of the Amazons to that 
of Orootioko; with an exclufive privilege for the commerce 
of thtfe places, as alfo of Senegal, and the coafts of Guinea, 
for 40 years, on condition of paying half the duties; but 
in 1674 the grant was revoked, partly on account of the 
poverty of the company, and partly becaufe it had anfwercd 
the purpofe of its cftablifhment by recovering the commerce 
of the Weft Indies from the Dutch: — the French Mifftjfippl 
company , firft eftablifhed in 1684,* in favour of the chevalier 
de It Salle, who failed in fearch of the Miffiffippi, but rwf- 
carried with his colony, and came to an untimel) death. 
He was fucceeded by M. Iliberville. who found the Mif- 
fiffippi and fettled a colony there ; but this adventurer 
being poifoned, M. Crozat obtained in 1712 the foie pri- 
vilege of trading to the French territories called Louifiana, 
granted to him for 15 years: — Company of the Weft* formed 
in 1717* when M. Cro2at furrendered his grant before men- 
tioned; and obtaining befides every thing granted to the 
former company the commerce of beaver, enjoyed by the 
Canada company from the year 1706, but expiring in 1717: 
—India company , formed by a junftion of the former com- 
pany with that of Canada and with that of Senegal in 1718, 
and alfo by an union with the Eaft India company, and 
with thole of China and St. Domingo, with the two firft 
in 1719, and with the third in 1720;— the Bqflion company , 
arifmg from the affociation of two merchants of Marseilles 
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tn the 15th century for fifhing of coral in the gulf of Stora- 
Courcoury on the coaft of Barbary, on the frontiers of Al- 
giers and Tunisj fo called from a fmall fort called the 
14 Baft ion of France;* 1 built in ijtfr, but it funk in 163$ 
and feveral other companies, which either fell of themlelvea, 
or upon the expiration of their grants, and which it is there- 
fore needlefs to mention. 

Company, Danijh North, was eftablifhed at Copenhagen 
in 1647. I* 3 eftablifhments are very confiderable in Nor- 

way; btfiles which, it fends veffels to'Waranger, whence 
they convey their merchandizes by land into the Danirti 
Lapland s and by fiedeet* drawn bv rein-deer into the Mus- 
covite Lapland. It alfo lends others for Borandai and Si- 
beria; where its agent takes them up, and conveys them, 
in like manner, on fl.*dges, to Panigorod, the capital of this 
part of the Mufcovitc empire. 

The commodities it fends thither are rix-dollars, tobacco, 
and linens ; it returns nothing but furs and fkms. 

Company, Danijh Iceland , rtlabhfhed in the fame year 
with the North Company, its chief taitory ia at Kirkebat, 
a large town in that ifLnd. 

Company, 1 Danijh Eaft India , eftablifhed in the year 
j6i 6, and invelted not only with the exclusive piivilrg* cf 
trading to the E 'ill, hut with the powers of civil ami nniitaiy 
admiuiftration ; their chiti factory was at Trail quel) nr. In 
1634 this corporation was difLlved, and another, with fimilar 
privileges, fubllituted in its place. Tins alfo rapidly declined ; 
and in 1686, a third institution was tried for the fame pur* 
pufes; but thi 3 Uo failed in about 2 J years; and the pro- 
ject was tried for the fourth time in 1732. The new com- 
pany vya? provided with ample privileges and powers; and the 
poffefiion of theft preferved its exiftence, and incrcafed the 
j rofits of the ftock-hoider, at the expence of the country^ 
and of the Indian fettlements. In 1772 the charter ex- 
pired, and was renewed under rcftri&ions which proved 
ruinous to the profpevity of the company. In 1777, the 
king purchafed the rights of the company, and the private 
trade began to flourifh* When the charter was renewed in 
1792 for 20 years, the private trade was rendered ftill more 
free; all Danifh fubjefts, and all foreigners were permitted 
to trade with the Indian fettlements, upon receiving pafs- 
ports, either from Copenhagen or the Afhtic feats of go- 
vernment, and upon condition of returning with the cargoes 
to Copenhagen. 

Company, Levant , of the Genoefe , eftablifhed in 1664, 
and confirmed by the Poite; notwi.hftanding the oppofition 
of the French. From 1670 this company has languished 
and funk. 

For a more particular account of the rife and progrefs of 
molt of the above mentioned and other companies, fee “An* 
derfon’s Hilt, of Commerce.'’ 

Company, New River. This corporation confifts of a 
governor, deputv governor, treafurer, and twenty- fix di- 
rectors, who hold a weekly board for appointing officers, 
granting leaks, and redreffing grievances. The proje&or 
of this canal for bringing water to London, with the af- 
fi (lance of king James I. and the corporation of London, 
is fuppofed to have expended 50,000 /. upon it: the profits, 
which are divided into feventy-two (hares, for the firft thirty- 
ears admitted of little more than five pounds to each (hare; 
ut their value is much "increa fed, and its original (hares of 
100/. are now climated at upwards of twelve thoufand 
pounds each. 
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CONDENSATION (from condenfate y and condenfate 
from the Latin condenfatus ), denotes the contrail ion of a 
given quantity of matter into a fmaiier fpace, and in this 
fenfe only the word con Jenfation ought to be ufcd ; how- 
ever, in common language, the mfpiflation, the thickening, 
or hardening of certain compound fubftances, in confequence 
©f the cfcape of fome of their component ingredients, is fre- 
quently exprefled by the fame term ; thus the juices of fruit, 
of plants, of meats, &c. are often faid to be condenfated 
over the fire. Comprtflion and condenfation (though fome- 
times ufcd the one tor the other) diflVr in tlra ; viz. that 
the former denotes a diminution of bulk, occafioned by the 
application of external force; whereas the latter exprefies 
the fame effeft, when produced without that external ap- 
plication, as the cafe with mod bodies in cooling. But 
the word condenfaticn has been more commonly ufed for 
denoting the converfion of vapour into water, or of vapours 
in general into liquids. 

The particulars which might be noticed with refpeft to 
condensation are, the quantity and rate of contraction in 
different bodies, the caufes which produce it, and the limits 
of that contraction. Thefe particulars, however, will, with 
more propriety, be ftated under the articles Expansion, 
Thermometer, and Pyrometer, which fee. 

Notwithftanding the above-mentioned definition, it is to 
be remarked, that in every cafe of condenfation, or of the 
contraction of a body into a narrower fpace, the effeV is 
produced by the efcape of fomething; and in bodies, which 
item to be the fimpleft in nature, the contraction which 
they undergo in cooling, is occafioned by the efcape of the 
caloric, which the prefent date of philnfophical knowledge 
reckons among ft the elementary fubdances. But the re- 
verfe of this propofition is not always true; viz, bodies are 
not always con traded in their dimenfions when the caloric 
efcapes from them ; and fuch has been found to be the cafe 
with water, with iron, and with fome other fubdances, in 
certain temperatures. This will be rendered more evident in 
the fequcl. 

Mod bodies are fufceptible of three fucccflive dates of 
fxidence; namely, the folid, the liquid, and the elaftic or 
vaporous; and all thefe are effe&cd by the introduction of 
different dofes of caloric. During every one of thofe dates, 
a different degree of condenfation is produced by the inter- 
mediate gradations of temperature; viz, fuch as are not 
quite diffident to induce a different date of exiftence in the 
body concerned. Thus, a quantity of the vapour of water, 
which, at the temperature of 242* (Fahrenheit’s thermo- 
meter), and under the mean gravity of the atmofphere, oc- 
cupies the fpace of 3600 cubic inches ; if it be gradually 
cooled until the temperature becomes equal to about 212°, 
its bulk will be contra A ed fo as to occupy' the half of the 
ipace it did before, vis. about 1800 cubic inches. If the 
.temperature be towered below 212 0 , the vapour will be con- 
dented into liquid water, which will occupy the fpace of not 
more than a (ingle cubic inch* If the cooling be continued* 
the water will be contracted in its bulk, but not very regu- 
larly (that is, the decrements of bulk will not be exaVIy 
proportional to the decrements of heat); until the tempe- 
rature defends to about 4a 0 . Below that degree, the water. 


indead of contriving its bulk, is expanded by further cool- 
ing; viz. by a further abftraVion of caloric. This is a very 
remarkable property of watev, upon which fome inter eding 
phenomena of nature are depending. The water, though 
expanding below the temperature of 42% dill continues fluid 
as far as about the temperatureof 32°; but belowthi* lad men- 
tioned point, by farther cooling it becomes a folid; namely* 
ice ; and in this date water occupies a greater fpace than it 
did in a liquid date. (See Congelation.) Similar irregu- 
larities have been obferved in the condenfatibns of Several 
other bodies, both folid and fluid; and it is to be wifhed 
that experiments capable of determining the laws of con- 
denfation were in diluted with all thofe bodies which are at 
all fufceptible of the trial. 

The cauSes of condenfation are by no means thoroughly 
underltood. * It may feem, at fird fight, fufficient to fay, 
that fince caloric is an elementary fubftance, which is com- 
bined in various proportions with every other known body, 
the reparation ot part of that element from the other bodies, 
naturally enables the particles of the latter to come clofer to 
one another in virtue of their mutual attraction. But that 
this cannot be the foie caufe of the t '^-nfation in its 
whole extent, is eafily pointed out by the following queries, 
id. How are the particles of bodies difpofed, that they may 
be capable of approaching, or of receding from each other t 
2dly, Why the degrees, or quantities, of condenfation are 
not always proportional to the degrees of caloric that are 
abftraCted from bodies ? And, 3 <fiy, Why clouds, fog 9, 
mifts, &c. (which confid of the vapour of water fufpended 
in the atmofphere) are not always condenfed into liquid 
water below the temperature of 21 2 0 ; which is actually the 
cafe in the atmofphere ? 

It has for a long time been an opinion prevalent amongft 
philofophers, that the particles of bodies do not aVually 
touch one another ; for otherwife it feemed impoflible to 
comprehend how a body could be expanded and condenfed. 
But the lead confideration will eafily fugged a variety of 
difpofitions of the particles, which, whild they aftually touch 
one another, will readily admit of the dilatation and con- 
denfation of the aggregate. Conceive, for indance (as pro- 
fdlor Prevod of Geneva juftly oblerves), the particles to be 
elongated, and united at their extremities like the legs of a 
pair of compaffes, and they may turn, with regard to this 
point of union, as a centre, and produce condenfations and 
dilatations of the whole apparent mafs. of the body. A 
fponge likewife will dilate in water without interrupting the 
continuity of its parts. One may alfo conceive the particles 
of bodies arranged in the form of rings ; that is, many of 
them to be in abfolute contaV, one with the next, and this 
with the following, &c., fo as to form circular or oval rings. 
With this difpofitiofl of particles, the dilatation and conden* 
fation of the aggregate is nothing more than an alteration 
of the form of thofe rings ; viz, they become more like cir- 
cles when the body it expanded, and more oblong when the 
body is condenfed $ it having been demon ft rated by mathe- 
maticians, that the circle comprehends an ampler fpace than 
any other figure of the fame periphery. Though the general 
difpofitiofl of the particles of a body ts not known, yet ava- 
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rfety of phenomena clearly indicate that they are not con* 
fufedly placed ; but that fome arrangement, probably a pe- 1 
culiar one, for the particles of each different body, aftually 
takes place ; and to this peculiar arrangement fome of the 
effeft* of dilatation and condenfation, at lead the irregulari- 
ties of thofe alteration*, mud undoubtedly be attributed. 
Thus the particles of water cryftallize in freezing ; that is, 
they difpofe themfelves with a peculiar regularity, fomewhat 
reftmbling the filaments of a feather. Thefe filaments of 
water form angles of about degrees with a larger filament, 
which is, as it were, the Item of the feather ; and to this 
cryltallization the enlargement of the bulk of water in freez- 
ing is with propriety attributed* Such is the foicc with 
which the particles or water endeavour to arrange themfelves 
in that particular order, and of courfe to enlarge the bulk of 
the aggregate, that feveral affionifhing effi-fts are produced 
by their united efforts. Pieces of timber, done3, and other 
bodies, are burd by the freezing of inclofcd water. Even 
iron mortar-fhrils, fuch as are ufed in war, filled with water, 
and accurately flopped, have been burd by the freezing, and 
the confequent en.argement of the inclofed water. 

Since the enlargement of the bulk of water commences 
at about the temperature of 42 0 , which is 10 degrees above 
the point of melting ice, commonly called the freezing point , 
which is 3 2°, it is evident that the particles of water begin to 
arrange themfelves in a particular order long before the 
freezing takes place. And, by following the analogy, it 
may be fuppofed, that in every flute of exidence the par- 
ticles of bodies have, more or lefs, a tendency to arrange 
themfelves in a certain order ; to which tendency the irre- 
gularities in the condenfations of bodies are probably to be 
attributed. 

The above-mentioned particulars, refpefting the condenfa- 
tion of water, /mid in great meafwrebe underdood to belong 
to a great variety of bodies ; for all thofe which have been 
fubjefted to decifivc experiments have been found to contrail 
or to enlarge their bulk with irregularity, in fome part at 
lead, if not throughout, the whole fcale of heat. 

The condenfation of vapour in the atmofphere, which is 
not always accompanied with a proportionate degree of tern- 
perature, forms another difficulty, which the prefent date of 
phiiofophical knowledge is not entirely capable of explain- 
ing. We (hall, however, briefly date certain fads and cer- 
tain confiderations, which ought to be kept in view by thofe 
who are willing to invedigate this intricate and interefting 
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fubieft. The converfion of water into vapour is attended 
with an increafe of its capacity for containing heat, or ca- 
loric, and likewife with an increafe of its capacity for contain- 
ing eleftric fluid 5 fo that if a quantity of water, held m an 
open and iufulated veflel, be fuffered to evaporate, the va- 
pour will deprive the veflel of part of its heat, and of part of 
its eleftric fluid: confcquently, the veflel will be cooled and 
elearified negatively. Now that which philofophers wifh to 
afeertain is, whether the influx of the caloric and of the 
eleftric fluid produces the evaporation, or the converfion of 
the water into vapour draws the caloric and the eleftric 
fluid from the contiguous bodies. In the firft cafe, we fee 
no reafon why the caloric and the eleftric fluid fhould fpon- 
tancoufly quit the contiguous bodies, and run to the water in 
order to force it to evaporate, bccaufe both the water and 
the contiguous bodies are in an equilibrium; that is, in the t 
fame Hate with refpeft to temperature as well as of eleftri- 
city. In the fecond cafe, if the influx of heat and of elec-! 
tricity does not force the water to evaporate, what other 
caufe can produce that effeft ? 

The fame reafoning which has been applied to the con- 
verfion of water into vapour, may, mutati t mutandis be 
adapted to the contrary effeft $ viz. to the condenfation of 
vapour into water, it being equally difficult to comprehend 
how the vapour can remain in the tlaftic (late, that is, with- 
out being converted into water, at a temperature much lower 
than 2 1 2°, which in the atmofphere is generally the cafe. 
There is one confideration, however, which may throw fome 
light upon this remarkable phenomenon ; viz. that in order 
to depolit the caloric and the tlcftric fluid, which mull nr- 
CcfTarily take place in the condenfation of vapdur, there mull 
be a body or bodies ready to receive both. But in the at- 
mofphere, the only body which can receive them is the air, 
and it is well known, that air is a bad conduftor of heat at 
well as of eleftricity. The lad remark which wc have to 
fubjoin is, that it has been obferved with feveral jubilances, 
And efpccially with water, that though placed in a colder 
temperature, thev do not part with their caloric fo ealny as 
It might be expefted, and this is particularly the cafe when 
they are to undergo a change in their date of exiftencc ; thus 
water will fometimes continue fluid when its temperature is 
4 or 5 or even more degrees below j 2 ° ; though when once 
formed into ice, this will not melt at a temperature lower 
than j 2 0 , and yet it will evaporate if expofed^to the air 
whilfl its temperature is many degrees brlow 32 0 . 
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CONDENSER, from condenfe* is an inftrument capable 
of collating, or of drawing into a fmaller fpace any feat- 
tered matter, or quality, or effcft. In philofophy and in 
mechanics, three different inftruments have obtained the 
•name of condenfer* ; viz . the condenfer of air, the condenfer 
of ehdrkity, and the condenfer of forces • 

The condenfer of air, in pneumatici, is a fyringc, by meant 
of which a confiderable quantity of air may be forced into a 
veffel fitted for the purpoie. Fig. i and 2, Plate XIV , Pneu • 
maticst reprefent two conftru&ions of this fort of condenfer, 
which differ but little from each other. They are generally 
made of brafs or of iron. A B, fig I, rcprcfcats a cylin- 
drical tube, at inoft, two inches in diameter, and from 8 to 
12 inches iu length, or even longer. Its flat bottom B is 
perforated with a hole, on the outfidc of which, a valve, 
(confilting of a piece of oil filk, or rather of leather, ftretch- 
ed over a fmall flat piece of brafs), is adapted, fo that if any 
air be forced from tne infide of the cylinder A B, that fluid 
will eafily lift up the valve, and make its exit through the 
hole at B. But (hould any fuftion take place within the cy* 
lmder A B, the air cannot poffibly enter through the hole 
at B, becaufe the valve on the outfide prevents it by ftop* 


ping that hole. The pifton c d fits the cavity of the cy« 
Under A B pretty tightly, by means of leathers foaked in 
oil; and it may be moved up or down by the handle E 
which is fattened to its rod. Thi3 pifton is perforated with 
a hole c d, the lower part of which is furnifhed with a valve 
d t which, wheu the pifton is drawn upwards, will permit the 
air to enter the lower cavity of the cylinder; but if the pif- 
ton be pufhed downwards, the air which is contained in the 
lower cavity of the cylinder, cannot pafs through the hole 
ed, on account of the valve at d; therefore it will come out 
through the hole at B. At the extremity of the cylinder f 
a brafs or iron cap F G is ferewed over the valve, allowing 
however a little room for its free motion. The end G of 
this cap is perforated quite through, and its outfide is formed 
intoaicrew. 

Pig, 2 reprefents a condenfing inftrument Ampler than 
the preceding, and fuch indeed is at prefent moftly ufed# 
Neither the cylinder nor the pifton of this inftrument is fur- 
nifhed with any valve. There is a hole through the ferew 
at the bottom B of the cylinder, and a hole at C through, 
its fide, and at about two or three inches below its upper 
end ; the pifton has no perforation. 
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When the condenfer, Jig* f, is fcrewed into the apertute 
©f a glafs or metal veffel, and the pifton is moved alternately 
up and down, it will be readily undcrilood, that the air will 
be forced into the veflVl to which the condenfer is adapted 5 
for when the pifton is pulled upwards, that is, towards A, 
the air cannot enter the cylinder through the hole at B, 
but it can e*P.ly pafa through the hole c d; and when the 
pi it on is puihtd in, the air which is contained in the cavity 
of the cybnder. cannot go out of it through the hole cd f 
but it can pah through the hole at B ; hence it i? forced to 
enter the vtfTcl to which the condenfer is applied. Thus by 
repeating the movements of the pi lion, more and more air 
h condrnied into the veifel, until the latter is bnrft by the 
tlallicity of the condenfcd air, or the fame force pufliea fo 
hard againft the valve at B, that the ftrength of the opc^a- 
tor is no longer able to overcome it. The condenfer, fig. 2, 
13 ufed cxa&ly in the fame manner ; thi-*, however, mull be 
adapted to fuch veflels as are fut milled with a valve within 
their aperture, which permits the entrance, but not the exit 
of the air. When the pillon of this condenfer i3 drawn 
towards C, a vacuum is formed in the lower part of the cy- 
linder, until the lower part of the pifton is raiftd above the 
hole C ; then the air rufties through that hole, and inftautly 
fills the cavity, &c. 

Thefe inftruments are generally ufed for condenfing the 
air into the air-holders of wind-guns, of certam water foun- 
tains, and other machines. By this means, the air has fome- 
<tmes been condenfcd to fuch a degree, as to become iix, 
tight, and even more times, denfer than common atmofphe- 
rieal air. The veflel, in that cafe, is fail to contain refped- 
ivcly iix, or eight, or a greater number of almofpheres. 

In a variety of philofophical experiments, fubllances are 
frequently placed in a g^afs vtlTel in which air is condenfcd, 
in order to obferve its cfik&s upon the enclofcd fubftances. 
For this purpofc, one of the above-mentioned condc^fers it 
affixed to a frame and apparatus, as is rtp*-efented in Jig, 3.; 
and this apparatus, all together, is cabed a condenjing en * 
gine. 

CD is a brafs condcrif.r, which is worked by applying 
the hand to the handle Z of the pifton, and by moving the 
latter alternately up and down, the air is forced through 
the brafa pipe D N F into the glafs receiver A B. This 
receiver, which mull be very tlrck and well annealed, is fet 
with its fmooth and flat edge up n the brafs plate of the 
machine, which is fimilar to the plate of an air-pump. A 
thick piece of brafs L M, is applied in a fimilar manner to 
the upper aperture of the ghls receiver, and a flip-wire 
paffes through a collar of leathers in this brafs piece. In 
order to prevent the lifting up of the brafs piece I. M from 
over the glafs vtflel, or the latter from the plate on the frame 
of the machine by the force of the condenfcd air, two pillars 
of wood with a crofs piece G H, likevvife of wood, are an- 
nexed, for the purpofc of keeping down the glafs veffel, and 
the piece of brafs LM, The crof3 piece G H is pielftd 
upon L M by means of the ferew-nuts on the pillars I, K. 
There is a gage E F, annexed to this machine, which indi- 
cates the condenfation of the air within the glafs veffe), and 
tube of communication. It confilU of a ft rong and narrow 
glafs tube, hermetically clofed at E, and conne&ed with the 
brafs tube of communication at F. A fmall quantity of mer- 
cury fills up a fhort part of the cavity about the middle of 
the tube, and the fpacc between the mercury and the clofed 
end E of the tube, contains air of the ufual atmofpherical 
dcailcy. It u by the contra&ion of this fmall quantity of 
air, that the degree of condenfation in the glafs receiver is 
indicated; for in proportion as the air is condenfcd into the 
receiver, or tube of communicatioa, Icc., fo the air between 


113 

the mercury and the clofed end of the gage becomes contraft* 
ed more and more; and the quantity o? that contraction is 
indicated by a fcale annexed to the glafs tube ; for inftance, 
if that air is, by working the machine, comprefled into the 
half of the fpace it occupied at firft, it (hews that the air 
within the receiver is as denfe again as it was before the 
working of the machine. If the air in the gage is com- 
prefled into a quarter of its original fpacc , the air within the 
receiver is (hewn to be four times a 3 denfe as it was before 
the working of the machine, and fo forth ; the condcnfa- 
tions in the gUfs receiver being inverfely as the fpaces oc- 
cupied by the air in the extremity E of the gage. Thefe 
degrees of condenfation are commonly expreffed by fayin/, 
that the receiver contains two, or three, or four* or more at* 
mofpheres , whtn the air within it, is twee, or three times, 
or four times, or more times, denier than the ulual air of the 
atnnofphcrck 

There are certain air-pumps as thofe of Smeaton, of 
Haas and other?, the conftru&ion of which renders them 
caoahle of being ufed for conducing, as well as for txhaull- 
ing the air. See Air-pump. In certain forcing water 
pumps, in fire er girts, and fome other hydraulic ma- 
chines, there is a veffel, in which the air is condenfed by 
the a£lir,n of the machine itlelf ; the object of which 
is to produce a conftant ftream of water out of the engine, 
vvhilft the pifton of it is moved up ?nd down in the ufual 
way. This veffel is called ti e air veffel* and often the 
conderjing-vcJfel t or fimply the condenfer • See Pump, and 
F 1 r f. engine* 

The h ad of an alembic, wherein the vapouis are con- 
den fed into a liquid, has fumetimes been called the corulenfer 
of the alembic. 

Condenser of Ekdricity. This 16 an inftrument capable 
of collecting, or of eondtnfing into a fmall fpace, fuch 
quantities of weak and diffufed ele&ricity, as would other- 
wife remain unperceived, or be infeflicknt to affid even the 
moll fenfible ekftrometer. It was originally invented by a 
very diftingnifhed phkofopher, Mr. Volta of Como, and is 
by himfelf described in the 72d vol. of the Philofophical 
Tranfadions. But, fince its original invention, this inftru* 
ment hns undergone feveral improvements and alterations, 
which we (hail nowdeferibe, together with their peculiar ad- 
vantages and defe&s. 

The a&ion of eleclrlc atmofphercs is the principle which 
fuggdhd the conftru&ion of this moft ufefnl elcdrical in- 
ft rumen t. Though the nature of thefe atmofpheres will 
be treated of in the articleELECTRiciTY; it will, neverthelefs* 
be neceffary to give, in this place, fomc idea of their ac- 
tion, by means of an eafy experiment, in order to render 
the principle upon which the cie&rical condenfer a£ta, ma- 
nifeft to the reader. Affix an cledrometer of pith-balls 
to an iu fulated metallic plate \ that is, a plate of tin or brafs, 
or other metal, having a glafs handle. Communicate fome 
ele&ricity to it, and obferve the divergency of the electro- 
meter. I11 this (late, bnng the electrified plate near a 
conductor which is not infulated, fuch as the wall of a room 
or another metallic plate, and you will find that the eicdro- 
meter collapfes in proportion as the elc&rificd plate ccmes 
near to the uninfulated condu&or. Remove the elc&rifkd 
plate, and the ele&rometer will diverge again, nearly as 
much as it did at firft ; which (hews, that by the vicinity of 
the uniniulated conducing body, which could eaftly acquire 
the contrary eledricity, the intenfity of the cledricity in 
the eledrified plate was diminished ; or, which is the fame 
thing, that the capacity of that plate for containing ele&ru 
city was increafcd. Hence, when an infulated metallic 
plate is fituated near another metallic plate not infulated 9 
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the former will thereby be enabled to abforb a . ""'^greaurr 
•*, r -i-Aricitv than it othcrwife would, from any 
jource wli ateven andV the eleftrified plate be remold from 
the otlur, then that abforbed eftaric.ty w.ll be man.fcftcd 
by the divergency of the eleftrometer, or even by affo.dmg 
« y fnark It i naturally follows, that according as the con- 
duftorwhich is oppofed to the infulated plate, is nearer to, 
or farther off, f<> the capacity of the plate will be increased 
more or lefs. Such an infulated plate, placed upon an im. 
ptrfeaiy infulating, or an imperfeftly condnfttng plane, for 
the purpofe of coUeAmg weak and Mattered 1 elearicity, wa, 
called a ? condenfir bv Mr. Volta. The reafon of tiling an 
imperfealy conduaing, or nnperfeft y mfulating plant, is, 
that when the infulated condenfing plate is placed upon it, 
the elearicity will not paft from the latter to the former, 
la (hort, the fallowing particular (liould be attended to in 
the conftruaion of this, Mr. Volta's, condenfer. The me- 
tal plate lhauU be about fix inches in diameter, with the 
edue well rounded, and furmlhcd with a vamifhed glafs 
handle. The inferior plane mult be of a very imperfealy 
conduaing nature, fucli as dry marble, very dry and lightly 
Vamifhed wood, a common piece of wood covered with 

oiled filk, or fuch like fubftance ; hut be its fubftance what 
it mav, its furfacc muft be very fmooth, ai.d fuch as to 
coincide as well as pofliSle with the furface of the metal plate, 
the receiving plate ; on which account, if a marble 
(lab be chofen for the inferior plane, it will be proper to tit 
the furfacc of the metsl* receiving plate to that ctf the marble, 
by grinding one agaii-ft the other. . 

The apparatus, # confilling of the above defenbed two 
planes, being properly conftruded, lay the receiving plate 
upon the other plane, conned the former with an atmof- 
pherical condudor, not much elevated above a houfe, or 
with the vaoour of boiling water, or, in (hurt, with any weak 
fource of cltdiicity, fuch as could not be difeovered by 
any other means, and after a certain time lift the receiving 
plate from over the other plane, holding it by the glais 
handle, and prefent it to an eledrometer, which will be 
caufed to diverge fufliciently to afeertain the prcfciice and 
the quality of the eledricity. Sometimes the receiving plate 
will even be able to afford a fpark. Yet, in feveral 
cafes, the receiving plate is eledrified fo (lightly, as not 
to occalion the divergency of the molt delicate elec- 
trometer. A contrivance of Mr. Cavallo, which is de- 
ferred in his Treatife on Eledricity, (fourth edition, vol. ii. 
p. 265) rendered this weak Hate of eledricity capable of 
affeding the eledrometer in a very fenfible degree. His dc- 
feription of this contrivance is as follows : 

x naturally thought that, for the fame reafon which 
enabled the condenfing plate of Mr. Volta's apparatus, to 
manifeft fuch fmail degrees of eledricity as could not other- 
wife be obferved, another fmaller plate, or fmail condenfing 
apparatus, might be employed to colled and to render fen- 
fible the weak eledricity of the large metal plate. Ac- 
cordingly, I conftruded a fmail plate of about the fize of 
a (hilling, having a glafs handle covered with fealing-wax $ 
and when the large metal plate feemed to fee eledrified fo 
weakly as not to affed an eledrometer fenfibly, I placed 
the fmail plate upon the inferior plane, and touched it with 
the edge of the targe plate j then, after removing the large 
plate, I took up the fmail one from the plane, holding it 
by the extremity of the glafs handle, and prefented it to the 
eledrometer, which generally was fo much affeded by it as 
to diverge to its utmoft limits* 

«< In this manner I have often obtained eledricity, more 
than fufficient to afeertain its quality, from a Jingle ftroke of 
the comer of an handkerchief ; viz, the Urge plate being laid 
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upon the proper plane, was ftrokrd once with the hand* 
kerchief ? then, being removed and prefented to an electro- 
meter, it appeared not eledrified ; but by touching the 
fmail plate with the edge of it, that fmail plate acquired 
thereby tkdricity ftilftcient to make an eledrometer d U 
vergt.” 

With this condenfing apparatus Mr. Volta, and other 
philofophers, made icvcral difcoveries ; yet the ufe of it 
was not always attended with the defirtd tiled, which 
was principally owing to the changeable nature of 
the femiconduding plane, upon which the receiving- plate 
was placed ; it being difficult to obtain, and much more 
difficult to preferve, fuch plane in a middling or fe- 
miconduding (late ; for fometimes it would carry off the 
eledricity from the fuperimpofed receiving plate, and at 
other tiims it was not of a condudiitg nature fufficient 
to enable the upper plate to condenfe the eledricity. It, 
Lkewife, often happened that this plane would acquire 
fome eledricity either in confequence of the flighted fric- 
tion, or by communication, which rendered the adion of 
the upper plate quite equivocal. With a view to remove 
thefe inconveniences Mr. Cavallo contrived an inftrument 
capable of anfwering the fame purpofe, but quite free from 
all the above-mentioned ubjrdions. The principle of thia 
xnftniment is like that of Mr. 'Volta's condenkr; except- 
ing that the receiving plate does not touch the other plane, 
though it comes very near it, and it likewife oppofes ano- 
ther plane to the other fide of the receiving plate. Thofe 
planes are of metal, and by their not touching the redw- 
ing plate, enable the latter to ad with certainty and with- 
out obftrudion. Upon this principle, viz, of the two 
plateB not adually touching, but approaching one ano- 
ther very nearly, the prefent eledrical cond nftrs are con- 
ftruded, however they may have been varied in fize, in 
name, and in ftiape. By the aid of thefe condenfers vari- 
ous important difcoveries have been made in eledricity, 
and efpecialiy in that branch of it, which is cailtd galva- 
nilm. The original defeription of this inftrument of Mr. 
Cavallo, is in the /8th. vol. of the Philofophicnl Tranfac- 
tions, for the year 1788, from which we make the follow- 
ing extrads. 

u The properties of this machine, which from its office 
may be called a collector of eledricity f are firft, that when 
conneded with the atmofphtre, the rain, or in (hort with 
any body which produces eledricity (lowly, or which con- 
tains that power in a very rarefied manner, it colleds the 
eledricity, and afterwaids renders both the prefence and 
quality of it manifeft by communicating it to an eledro- 
meter. Secondly, this colleding power, by increafiug the. 
fize of the inftrument and efpecialiy by wling a fecond or 
fmaller inftrument of the like fort to colled the eledricity 
from the former, may be ^augmented to any degree. 
Thirdly, it ia conftrudcd, managed, and prtferved with 
eafe and certainty and it never gives, nor can it give, an 
equivocal refult, as I have proved experimentally, and as 
will appear by confidering its conltrudion." 

** The figures 4 and 5, Plate, II. Eledricity, exhibit this in- 
ftrument, vi%. fig, 4 (hews the inftrument in the ftatcof colled- 
ing the cle&ricity, and Jig . 5 (hews it in the ftatein which the 
colleded eledricity is to be rendered manifeft. An eledrome- 
ter is annexed. The letters of reference indicate the fame parts 
in both figures. A BC D is a flat tin plate, thirteen inches 
long and eight inches broad $ to the two (horter (ides of 
which are foldered two tin tubes, AD and BC, which are 
open at both ends, DE and EF, are two glafs (licks co- 
vered with fealing wax by means of heat* and not by dif- 
fusing the fealing wax in fpiriti* They are cemented in 
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the lower apertures of the tin tubes, end alfo in the 
wooden bottom of the frame or machine, at E and F, fo 
that the tin plate, A BCD, is fupported by thofe glafs 
#iek 3 in a vertical pofition, and is exceedingly wrll inlu- 
lated. G 11 ILKM and NOPV, are two frames of wood, 
which being fattened to the bottom boards, by means of 
brafs hinges, may be placed fo as to ftand in an upright 
pofition and parallel to the tin plate, as fhewn in fg. 4. or 
they may be opened, and laid upon the table which fup- 
iort 9 the inftrument, as (hewn in fg. 5. The inward fur- 
aces of thofe frames from their middle upwards art covered 
with gilt paper, X, Y ; but it would be bttter to cover 
them with tin plates, hammered very flat. When the la- 
teral frames (land ftraight up, they do not touch the tin 
plate 5 but they Hand at about one-fifth p:*rt of an inch 
afunder. They are alfo a little (horUr than the tin plate, 
in order that they may not touch the tin tubes, AD, BC. 
In the middle of the upper part of each lateral frame is a 
fmall flat piece of wood, S and T, with a brafs hook j the 
life of which is to hold up the frames without the danger 
of tlicir falling down when not required, and at the fame 
time it prevents their coming nearer to the tin pbite than 
the proper limits. It is evident that when the inllrument 
Hands as fhewn \T\fg. the gilt furfacc of the paper, X, 
Y, which covers the infide of the lateral frames ftands 
contiguous and parallel to the tin plate.” 

“ When the inllrument is to be ufed, it mull be placed 
upon a window, a table, or other convenient fupport, a 
bottle elcdrometer is placed near it, and is conm drd, by 
means of a wire, with one of the tin tubes, AD, BC ; and 
by another concluding communication the tin plate mull be 
conneded with the electrified fubllance, the tied ricitv of 
which is required to be collected on the plate, A BCD: 
thus, for irillance, if it be required to colled: the eledricity 
of the rain, or of the air, the inllrument being placed near 
a window, a long wire mull be put with one extremity into 
the aperture, A or B, of one of the tin tubes, and with the 
other extremity projeding out of the window. If it be 
required to colled the eledricity produced by evaporation, 
a fmall tin pan, having a wire or foot of about fix inches in 
length, mull be put upon one of the tm tubes ; fo that the 
pan may Hand about two or three inches above the inflru* 
ment. A lighted coal is then put into the pan, and a few 
drops of wattr poured upon it, will produce the deGred 

tired.” 

(t The quantity of eledricity, which the tin plate, *ABC D, 
is capable of colliding, principally depends on three cir- 
cumllances, viz. ill. On the dillance between the tin-plate 
and the coududing lateral furfaces : the fmailer that dillance 
is, the greater being the colleding power ; 2dly. On the 
fize of the inflrument ; and ijdly, On the quantity of elec- 
tricity pofleffed by the body from which it mud be colleded 
or taken away.” 

I need not expatiate on the principle upon which the 
adion of this inftrument depends ; this being the fame as 
that of the eledrophorus of Mr. VoltaY condenfer, and 
of many other eledrical experiments ; namely, that a body 
has a much greater capacity for holding eledricity, when its 
furface is contiguous to a condudor which can eafily acquire 
the contrary eledricity, than when it (lands not in that 
fituation.” 

Though this original condenfer, which, by way of di- 
ftindion, its inventor called a colledor, anfwers the pur- 
pofe for which it was intended perfedly well ; yet for the 
common run of experiments, its (ize may be difpenfed with, 
as it takes up too much room on the table of an eledrician. 
On this account, not only the fize of the inftrument has 
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been reduced, but its fhape alfo has been varied according 
to the fancy of almoll every philofophical inftrument maker. 
For the fake of Amplification in the condenfers which are at 
prefent in general ufe, one conduding plane only is oppofed 
to the receiving plate, which anfwers the purpofe fufficiently 
well ; lor if the dedricity colleded by the receiving plate 
happens to be too weak to affeft the eledromcter, a 
{mallei condenfer may be ufed, which will condenfe the 
eledricity of the former, &c. 

The forms of the ctondtnfcrs that are moftly ufed at 
prefent, are reprefented in fgs . 6, 7, 8 , and 9. Fig . 6 ex- 
hibits a vertical fedion of the condenfer conit ruded by Mr. 
John Read of Knights-bridge ; a a is a circular flat plate 
of brafs, about eight inches in diameter, (landing infulated, 
by means of the glafs flick f on the wooden foot g ; gb is 
a hollow brafs cylinder, terminating in the hollow brafs cone 
e cdh\ and to this cone the flat perforated brafs plate beeb 
is affixed. The glafa (lick /, which, by means of a brafs 
fcrril, is faflened to the plate a a , has its lower extremity 
cemented in a cylindrical piece of wood, and this piece of 
wo ul is fixed in the bottom g . Now it will be eafily per- 
ceived, by infpeding the figure, that the hollow cylinder 
hg may be moved up or down by (hding it upon the cylin- 
drical pkee q f wood; and that, by fo doing, the plate beeb 
may be brought near to, or removed from the plate aa t 
which is the receiving plate of this condenfer ; 1 is a milled- 
head ferew, which ferves to fix the plate lb at a proper 
dillance from a a, where a*ftop is made for that purpofe; 
when / is loolened, the plate lb , with c bg t which is all 
one piece, falls in the fituation reprefented in the figure, 
and in that Hate an ele£lrometer is put in enntad with the 
plate a a, in order to mamfelt the dedricity which a a 
condcnlcd whilft be c b flood near it. 

Fig . 7 represents a condenfer of another form, as made 
by Mr. Cuthbertion. This fort of condenfer is both fimplc 
in its conllrudion, and commodious in pradice; ah is a 
brafs plate of about 8 inches in diameter (the inftrument 
being (hewn in profile), which is (crewed tight into the 
wooden head c , which is cemented on the glafs (lick d 9 
and this is cemented with its lower extremity into the 
wooden ftand e e of the inllrument ; f 1 is a fimilar plate of 
brafs, fattened to the brafs head and pillar g f, the lower 
p*rt of which turns round a pin at A, fo that it may cither 
Hand upright, or it may be inclined after the manner of the 
dotted representation h m. It is almoll fuperfluous to add, 
that a b is the receiving plate of this condenfer. Fig. 8 
(hews a front view of a condenfer of this fort, placed clofe 
to a gold leaf eledrometcr, furnilhed with a fmailer con- 
denfer, viz. fuch as is reprefented by itfelf in fg. 9. The 
fmall condenfer,^. 9, is fimilar to the one reprefented in 
fg. 7 ; faving that in fg. 9 the receiving plate is affixed to 
the cap of a gold-ltaf eledrometcr; jo that this apparatus 
viz. fg. 9, may be ufed by itfelf in mod experiments; but 
in certain cafes it will be rieceflary to employ the condenfer 
fg. 7 firll, and afterwards the eledricity may be farther 
condenfed by means of the apparatus fg. 9, as (hewn in 
fg. 8, 

There is an inftrument contrived by Mr. Wilfon, which 
he calls “ a compound eledrical inftrument for condeuling 
and doubling.” But as the conftrudion, as well as the 
principal ufe, of that inftrument properly belongs to another 
clafs of eledrical inftruments, its defeription will be found in 
another part of this work. See Doubler, and Multi* 
flier of electricity . 

Condenser of forces. This name was given by Mr. 
R. Prony to a contrivance for obtaining the greateft poflible 
effed from a firft mover, the energy of which is fubjed to 
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pigmentation or diminution within certain lirr.ste j and In 
general to vary at pleafure the rtfiftance to which the effort 
of the firft mover forms an equilibrium in any machine what- 
ever* without changing any part of their cnnftru&ion. (Bul- 
letin of the Philomathic Soriuy at Pari*, No. 83,) 

Toe general problem in mechanics, of which this condenfcr 
is intended as a praftical folulior, is enunciated by Mr. 
Piory in the fallowing terms: 

“ Any machine being cor. It ru fled, to find, without mak- 
ing any change in the conftrufti^n, a means of tranfmitting 
to t the aftion of the firll mover, by fulfilling the following 
conditions; viz.” 

“ r. That it may be poflible at plcafurc, and with great 
fpeed and facility, to vary the refiftance (againft which the 
effort of the firft mover mull continually make an cquli- 
brium) in limits of any required extent. ” 

“2. That the refinance, being once regulated, fhall be 
rigoroufly conftant until the moment when it is thought 
proper to incrcafe or d'miuifli che fame.*’ 

*» 3. That in the moll fudden variations of which the ef« 
fort of the firft mover may be capable, the variation in ve- 
locity of the machine fhall never undergo a folution of coi> 
t’nuity.” 

Mr. Prony applies this folution of this problem to the 
dynamic died of wind ; but it will be cafy to make the fame 
general* when other firft movers are tiled. Fig. 10 {Plate 
XVI. Michau'cs) reprefer.ts the pl-m, and Jig. 11 the elevation 
ol the machine. 00 is the vertical arbor to which windmill* 
failure adapted: re re is an affeinb’age of carpentry, of which 
one of the radii, O r, bears a curved piece, b tl, of iron or Heel : 
veitical axes of rotation a a a, being placed round the axis 
00; they affo divide the circumference in which they are 
fair'd, into equal parts. Each of thefe axes carries a curve a /, 
of iron, Itccl, or copper; fo fi mated, that when the wind 
ads upon the fails, the curve bd prides againft one of the 
cui ves a j* and caufis the vtttical axis to which this lall 
curve is affixed, to make a portion of a revolution. The 
curves bd , and af \ mud be fo difpofed, that when bd 
ceafes to prefs on one of the curves a f, it (hall at the 
fame inftant begin to aft upon the following curve: the 
number of axe 9 which are provided with thefe curves, ir.uft 
be determined by the particular circimfiances of each cafe, 
and it is alfo prafticable to fubllitute, indead of Id, a por- 
tion of a toothed wheel having its centre in the axis 00, 
and to place portions of pinions inilead of the curves a f ; 
but the difpofitions reprefented in the figure are preferable* 
Each of the axes aaaa (which arc all fitted up alike, 
though, for the fake of clearncfs, only one of them has its 
apparatus reprefented in the drawing), carries upon it a 
dram or pulley, ttrr , on which is wound a cord that paffts 
ever a pulley /, and ferves to fupport a weight Q, by 
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means of the lever F G, upon which this weight may be 
Aided and fattened at different dittances from the point of 
motion G* The fame axes, a, a $ pafs through the pinions 
q, 0, to which they are not fixed ; but thefe pinions carry 
clicks or ratchets, which bear againft rr; fo that when 
the weight Q tends to rife, the ratchet gives way, and no 
other effeft is produced on the pinion q q f either by the 
motion of the axis or of the drum ttrr, excepting that 
which caufes the afeent of the weight qq. But the infbnt 
that the curve, or tooth b d t ceafes to bear againft one of 
the curves af, after having caufed the correfponding weight 
Q to rife, that weight Q^tcnds to re-defeend, and then the 
toothed wheel rr afts againft the ratchet, fo that Qj*an- 
pot defeend without turning the pinion q q along with the 
drum jttrr. The pinion qq takes in the wheeled, from 
the motion of which the ufeml effeft of the machine imme- 
diately refults ; fo that the tfftft of the defeent of one of 
the weights Q is to folieit the wheel A B to motion, or to 
continue the motion in concurrence with all the other 
wiiphty Q, which defcetid at the fame time* This wheel, 
A B* carries beneath it oblique or bevelled teeth, G D, 
which take in a like wheel, C E, and caufe the buckets at 
S t > rife. * 

From the preceding deferiptivin, ft is feen that the ma- 
chine being fuppole.l to Hart from a Hate of rvpofe, the wind 
will at firft raife a number of weights, Qj^ fufficient to put 
the machine into motion, and will continue to ra ; fe new 
weights, whilft thofe before raifed are fallen, fo that the 
motion once iniprefted will be continued. 

Among the numerous advantages of this new mechanifm, 
the following may he remarked: 

i . No violent (hock can take place in any part of the 
meclnnifm* 2. The ufcfnl effeft being proportioned to the 
number of weights Q* which difeend at the fame time, this 
effeft will incrcafe in proportion as the wind becomes 
ftrongcr, ard caufes the fails to turn with greater velo- 
city. 3. The weights, being moveable along the lever9 
F G, it will always be very ealy to place them in fuch a 
manner as to obtain that ratio of the effort of the fi:ft 
mover to the reliftance, which will produce the maximum 
of effeft. 4. From this property it refults, that advantage 
may be taken of the weakdt breezes of wind, and to obtain 
.a certain preduft in cireumftances under which all otlur 
windmills are in a (late of abfolute inactivity. This advan- 
tage is of great importance, particularly with regard to 
agriculture: the windmills employed for watering lands, are 
fometirqes inaftive for feveral days, and this inc.-nvenitnce 
is more particularly felt in times of drought. A machine 
capable of moving with the flighted breeze, mutt, therefore,. 
oftVr the moll valuable advantages. 
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CONDUCTORS. In two impmtant branches of na- 
tural philofophy, a marked diftin&ion has been obferved 
between the various kliown bodies of the earth ; and upott 
the peculiar properties of the two different claff-s of bo. 
dies, which are difcriminated from each other by the above- 
mentioned diftin&ion, numerous phenomena, of confequence 
to the human fpecies, are absolutely depending. The two 
branches, of natural philofophv, above alluded to, are the 
Science of eleftricity and the futjed of heat. In ele&ricity, 
if an excited piece of glafs, or an eleftrified condu&or, be 
touched with the extremity of a ftick of fcaling-wax, 
which a man holds by its other extremity ; or it it be 
touched with the extremity of a filk firing, the eledtric 
power will not be diffipated ; but if the electrified body be 
touched with the extremity of a rod of iron or brafs* held 
in a manner fmrlar to the itick of Scaling- wax, the electric 
power will be inllantly diffipated ; viz. it will pafs through 
the metallic rod, and through the perfon that holds it, &c. 
Hence it evidently appears, that iron or brafs will permit 
the tranfitiou of the ele&ric piwer through its fnbftance; 
whereas fealing-wax or filk will not peitmt it. Therefore, 
iron, brafs, and all thofe fubilances through which the elec- 
tric power can be trsnfmitted, are called conduSors of elec- 
tricity, and all thofe fubfUnccs, which, like the feaiing- 
wax or the filk, will not permit the paffage of the eleftric 
power, are called non- conductors of elcBrii tty. 

A fimilar dillimfWi has bren remarked in the fubjeft of 
heat and cold. Take a fmall piece of charcoal, make it 
red hot at one end, and in that ftate it will be found that a 
perfon may hold it with his fingers within about a quarter 
of an inch of the red hot extremity, without feeling any 
unpleafant degree of heat ; but if an iron rod as thick aa 


the charcoal be rendered red hot at one end, a perfon will 
pot be able to hold it within lefs than four or five inches, at 
lealt, of that end ; and fuch is the cafe with all metallic 
bodies, as well as with fome other fubftancts ; which (hews 
that heat will pafs through certain bodies much more eaiily 
than through others. Hence thofe bodies w hich* like the iron 
rod, will eafily tranfmit the heat through their fubftancr, 
are called conductors of heat; and thofe which will convey it 
with great difficulty, are called non-eonduClors of heat, it 
mult be obferved, however, that though beat will pafa in- 
comparably more eafily through certain bodies than through 
others ; yet there are no bodies that are known to be ei- 
ther perfect conduftors or perfect non-conduftors of heat. 
And indeed, the like observation, though in a much more 
limited manner, may be made with refpen to the condu&ors 
of eleftricity. 

In maguetifm alfo, the name of conduSor of that power 
has been given to a tingle fubftance, namely, to folt iron | 
but the peculiar nature of iron in that rtfpeft, or rather the 
paffage of the magnetic power, will be explained under the 
article Magnetism. We fhall now in an orderly manner 
ftate the various particulars which have been ascertained with 
refpeft to tbe above-mentioned two dalles of bodies; viz. firft 
with refpeft to electricity, and then with refpeft to heat. 

CoNbucTORs of EleQridtp. In endeavouring to point 
out the true nature of eledneal conductors, it becomes ne« 
ceffary to give a lift likewife of tbe non-conduSors of that 
power, lince thefe two dafles of bodies gradually approach 
each other, in prpportion ai they are left perfeft of their 
kind, at far at certain fubftance^ which Seem to ftand in an 
intermediate ftate between conductors and non-condudort, 
St at to participate of both. Glaft, Sealing-wax, amber* 
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fi«k, and federal other bp dies, which, by means of frillion 
with a dry and clean hand, are capable of be*ng excited, fo 
as to exhibit eleftrical phenomena, are cal.ed defines / and 
tfefe identical bodies have been found to be non-condu£tors 
of eleftricity ; hence defines and non condufiors mean the 
very fame clafs of bod'es. In the fame manner it has been 
found, that thofe bodies, which willeafily tranfmit the elec- 
tric fluid through their fubllancr, cannot be excited in the 
above-mentioned manner ; hence condufiors and nun-defirics 
do alfo denote the fame bodies. 

Striftly fp?aking, as we have already hinted above, there 
is no fubftaKC; which may he callrd a perfell conduftor or 
a perfeft non conduftor of eleftricity ; the elfftrio power 
Siding fomc rtfiftance in its paffage through the bell oon- 
duftors, and being io fome dtgree capable of paiTmg 
through the heft fit lines, at It-aft under certain rircum- 
Aanccs. The following litis contain the conduftora and 
the eleftrics, or, which is the fame th*ng, the non-cleftrics 
and the non-condullors. They arc difpofed in the order of 
their perftHion ; that is, the bell conduftora and the bell 
sleftrxs are placed at the heads of their refpeftive lifts; ar.d 
thnfe which participate of both, meaning thofe wh’ch are 
partly eleftrics and partly conduftorp, will be found to- 
wards t lie end of each lift. In this however, no great ac- 
curacy mull be expelled ; firft, bccaufe a very accurate dif- 
crimination is imprafticable when fubftances are expreffed 
under general denominations; and, fecondly, bccaufe the 
precife degree of condufting or non-condufting powder in 
moll fubftances cannot be determined on account of their 
fluftuating nature. 

Condufiors* 

Gold. 

Silver. 

Copper. 

Platina. 

Brafs, 

Iron. 

Tin. 

Mercury. 

Lead. 

Semi-metals. 

Metallic ores ; of which the beft are thofe which contain 
a greater proportion of metallic parts, and neareft to a re- 
guline date. 

Charcoal, either of animal or vegetable fubfta'nces. The 
condufting power of charcoal is very equivocal ; for fome 
pieces of it will hardly conduit at all, and others will fuffer 
the paffage of the eleltric fluid over their furface only, and 
not through their fubftance. The reafon of this difference 
is not quite understood ; but it feems owing to the degree of 
heat that is applied in the procefs of making them. See 
Frieftley’a fecond volume of Observations on different Kinds 
of Air, (eft. xiv. 

Animal fluids. 

Acids. 

Saline fubftances. 

Hot water. 

Cold water. 

Salt water. 

All other liquids excepting oils. 

Red-hot glaia. 

Melted refin. 

Flame, or the effluvia of flaming bodies. 

Ice and fitow ; but not below a certain temperature ; (or 
Mr. Acfaard, at Berlin, in January 1776, obftrved that 
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frozen water, or ice, at the temperature of a8 f below o # of 
Reaurrur*s fcale (eaual to — 13 of Fahrenheit’s) was be* 
come an eltftric. . He tried his experiments in the open air, 
where he found that a rod of ice two feet in length, and 
two inches thick, was a very imperfeft conduftor at the 
temperature of 6° below o° of Reaumur’s thermometer, and 
that it would not conduit in the lei.ft at jto° below o°. By 
whirling a fpheroid of ice in a proper machine, he even 
elc llriiit*d the prime conduftor, fo as to attraft, repel, give 
fparks. Sfc., like any other eleftric. 

Moll faline fubftances, of which the metallic falts are the 
bed. 

Earthy and ftony fubftances, of which the hardeft are the 
worft. 

C»iafs filled with boiling water, as mentioned by Kin* 
nei (ley. 

Smoke. 

Vapour or (team of boiling water. 

All compounds, in which different proportions of the 
above-mentioned fubftances enter, are conduftors in different 
degrees. 

An impcrftd vacuum, or the abfence of air produced by 
the adion of a fi air-pump. But a perfed Torricellian va- 
cuum is not a conduftor of eltftricity. Mr. Walfh, affifted 
by Mr. De Luc, having made a double barometer, in which 
the mercury had been accurately boiled, fo as to expel all 
the air from the tube, found that the vacuum in the arched 
part of this double barometer was not a condudor of 
eleftricity, nor any eleftric light could be fecn in it. (Prieft. 
ley's Experiments and Obfervations on Elaftic Fluids, 
vol. i.) This remarkable difeovery was afterwards con- 
firmed by the experiments of Mr. Morgan. (Phil. Tranf* 
vol. lxxv.) 

Elefirtcs . 

Glafs, and all vitrifications, even thofe of metals. 

All gems, of which the moft tranfparent are generally 
the beft. 

All refins and refinous compounds. 

Amber. 

Sulphur. 

Baked wood, if not fuffered to imbibe moifturc. 

Ail bituminous fubftances. 

Wax. 

Silk. 

Cotton. 

All dry and external animal fubftances, at feathers, woo?* 
hair, & c. 

Paper. 

White fugar and fugar-candy. 

Air, and other gafes. 

Oils. 

Dry and complete metallic oxides. 

The afhes of animal and vegetable fubftances. 

All dry vegetable fubftances. 

All hard ftones, of which the hardeft are the beft. 

Soft ftones when heated, according to DelavaL 

Powders not metallic, according to Delaval. 

Ice, at the temperature of — 13 0 of Fahrenheit 1 * thermo* 
meter, according to Achard. 

According to Mr. Walflt’s, and Mr. Morgan’s experi- 
ments, the Torricellian vacuum ought to be placed at the 
head of the lift; but the Angular nature of a vacuum, 
though a non-conduftor, will hardly entitle it to the name 
of an eleftric. We muft, however, refer all farther obferva- 
tions, refpefting defirksy to the article of that denomination* 
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(ht above lift having been inferted In thii place merely to 
elucidate the nature of conductors. 

Thus far we have ftated the number of condudors, and 
their gradation, with refpeft to common eledricity; but 
that lately difeovered branch of this feience, whicn is at 
refert affiduoufly cultivated under the title of Galvanifm, 
as pointed out a peculiar arrangement of conductors with 
refpedt to the order of their capability of conducing that 
power which affed th** limbs of a prepared animal, and of 
conveying the power of a gdvanic, or rather a Voltaic* bat- 
tery. Seethe article Galvanism. Concerning the former 
of thefe powers, we tranferibe a lift, followed by a few re* 
marks, from Cavallt/s Treat ife on Ehdricity, 4th ed. vol, 
lit. p. 20 ? and with refped to the latter, we fubjoin an 
abridged extrad from a paper of Erman, in the Annalei de 
Chimin, Feb. 1807. 

Conduftors of Sfttimal Eleftricity , according to Dr. Lind's and 
Mr. Cavallo's experiments , which however are arranged 
with diffidence hy the latter , conftdering tin difficulty of 
making the arrangement , and that, in this branch of eleftri- 
city, the metals do not feem to aft merely as conductors — The 
lift begins with the btft. 

€t Malleable platina. 

Silver. 

Gold. 

Qjuickfilver. 

Copper* 

Brats. 

Tin. 

Lead. 

Iron. 

The human body. 

Salt water. 

Frefh water.” 

M The metallic ores are not fo good condudors as the 
purified metalB themfelvcs, and their conducting power is 
various according to the nature of the ores, but even the 
metallic falts are tolerably good conductors. 

u It is very remarkable, that the flame of tallow candle* 
which is a good conductor of common eledricity, will not 
conduct the animal electricity, when placed in a fhort inter- 
ruption made in the circuit of communication. Charcoal, 
placed in the fame fituation as the flame of the candle, 
was alfo found to be a non-condudor, except when it was 
a&ually burning, in which ftate it conduced tolerably well; 
but Mr. Volta fays that he has found fome pieces of char- 
coal that aded as well as the metals. Dr. Valii obferved, 
that human bodies are not all equally good condudors. 
Out of four perfons in a company, he found that when two 
of them formed the circuit of communication between the 
nerve and the mufcles of a frog, the motions took p’ace 
very readily. When a third perfon formed the circuit, the 
motions were very weak ; but that when the fourth perfon 
formed tbe communication no motion took place. This expe- 
riment, he adds, was often repeated with the fame fuccefs. 
The effed, however, may be owing to the different drynefs 
of the (kin. Vitriolic acid, and what is very remarkable, al- 
cohol, appear to conduct this property rather better than 
water. 

“ The arteries and tbe veins are not fo good conductor* 
ns the nerves; for when a blood* veffel forms part of the 
circuit of communication, the jeontradions will take place 
only when nervous ramifications are adhering to it, and if 
thefe be carefully feparated, the motion will not take 
place. The fame thing may be faid of the tendons, the 
bones, and the membranes t for when either of thofe parti 
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is feparated from the body, and is introduced in the circle 
of communication between the mufcles and nerves of a 
prepared frog, no motion will enfue, excepting, indeed, 
when thofe parts are full of moifture, and are in immediate 
contad with the nerve of a prepared frog. Dry nerves are 
not condudors of animal electricity. Dr. Valli found that 
the internal fubftance of a nerve conduds much better than 
its externa 1 , or coat.” 

Silver and zinc, profeffor Aid ini fays, will produce con* 
tractions in the muicles of a frog, many hours after it has 
become infenfible to the adion of either of them, feparatcly 
uftd. 

Mr. Erman, in his paper on two new claffes of galva* 
nic conductors, fays that the bodies which may be applied 
to the poles of a galvanic pile are, I. Non conductors. IT. 
Conduftors . The conductors are either perfeft or imterfeQ; 
and the impeifed conductors are fo, either wirh relped t.> 
both poles , or with refped to one of the poles of a galvanic 
battery. 

I. The perfeft non conduftors prevent tbe communication 
of the power of both poles effectually ; and fuch are glafs, 
rrfins, ice, and the vapour of water, fulphur and its flame, 
amber, but not its flame. 

II. The perfeft anduftors , which difeharge both poles 
completely, are the metals, and all in the fame degree. 

The imperfeft conduftors of both poles • Thefe, though ca- 
pable of forming the galvanic circuit, exhibit in their extent 
effects of two different kinds. Fluid water and bodies im- 
pregnated with water are of this nature. 

Tbe imperfft conduftors of the pofitive pole only . Thefe 
are incapable of forming the galvanic circuit ; for when in- 
terpofed between the two poles of the pile, they infulate the 
negative power and condud the pofitive ; whence it follows, 
that the negative becomes charged, whereas the pofitive is 
condu&ed. The flame of hydrogen gas, and the flame of 
the hydrocarbonated bodies, have this property. 

Lafliy, the bnperftft conduftors of the negative pole only in- 
fill ate the power of the pofitive, and, conduct the power of 
the negative pole. Of this fort are the flame of phofpho- 
rus and of alkaline foaps. 

There now remain two other particulars, which demand 
our examination with refped to the condudors of tlcdri* 
city. Thefe are the method of afeertaining their peculiar 
degrees of conducing power, and their nles. The fimpleft 
method of determining whether any given body be a con- 
dudor or not, is to affix an eledrometer to the prime con- 
dudor of an cledrical machine, and when tbe machine is in 
adion, and of courfe tbe eledrometer is diverging, to touch 
the prime condudor with one extremity of the given body, 
which the operator holds in his hand by the other extre- 
mity ; for if, in fo doing, the eledrometer collapfes, tie 
body in queftion is a condudor; but if the eledrometer 
continues to diverge, that body is a non-condudor. Its 
degree of conduding power may alfo be, in great meafure, 
eftimated from tbe quicknefs with which tbe rledtrometer 
lofes its divergency. In the performance of this experi- 
ment, the operator (hould take care that the elcdric fluid 
does not run over the furface of the body under trihl to the 
hand that holds it* which generally takes place when the 
machine ads powerfully, and the body in qutftibn is not 
much extended. In this cafe, it becomes proper to flop 
the revolution of the glafs globe or cylinder, when the body 
is to be put in contad with the prime condudor. But if 
the body be very imall* it will be fufficient to ufe a Ample 
eledrometer only, which may be caftly caufed to diverge 
by means of an excited flick of fealing-wax, and may then 
be touched with the body in queftion* Yet nil this is not 
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foflicient to difaiminate the peculiar powers of fubftances 
that arc of the fame clafs, fuch as the various metallic fub- 
ftances, the different (tones, & c. And for this purpofe 
various other mean3 may be adopted, according to the na- 
ture of the bodies under examination. The bed way of 
determining the peculiar conducting powers of metallic 
fubftances, is to have wires of the different metals drawn 
through the fame hole, fo as to be precifely of the fame 
diameter, and then melt them by the difeharge of a battery; 
viz. lake a wire, of about one-fiftieth of an inch in diame- 
ter, and connect it with the outfide of a battery, containing 
at Icaft thirty fquarc feet of coated furface, and conned the 
other extremity of the wire with one branch of the dif- 
charging rod. Then, when the battery is charged, touch 
the wires which proceed from the infide of it with the other 
branch of the difehar^ing rod, which will force the explo- 
sion to pafs through the wire that has been interpofed be- 
tween the battery and the difeharging rod, generally melting 
a greater or a fmaller part of it, according to the nature of 
the metal. Thus by repeating the experiment fucceflively 
with wires of the fame length and diameter, but of different 
metallic fubftances ; charging the battery conftantly to the 
fame height, w hich may be eafily accomphfhed by means of 
a quadrant eledrometer ; and meafuring the length of each 
wire that has been melted by the explofion ; their various 
troudnding powers may be afeertained ; obferving that the 
word conductors are more eafily me. ted, and vice verfd . 
Mr. Henley found that the fame charge melted 4 inches~of 
gold wire, 6 of brafs, 8 of filvered copper, 10 of filver, and 
rather more than 10 of iron. In melting wires of a con- 
filcrablc length, as for inftance two or three feet, it often 
happens that the force of the explofion barely renders it 
Tea hot, without actually melting it. In this cafe, it is cu- 
rious to obferve that the rednef* appears fit ft on that extre- 
mity of the wire which communicates with the pofitivc fide 
of the battery, and thence proceeds towards the other end 
of the wire, which (hews an ocular proof of the theory of a 
ftngle eleCtric fluid ; the wire, however, is not rendered red 
hot at one extremity before the other, in confequence of the 
progreflive motion of the eleCtric fluid through it, but be- 
caufe that fluid lofes forfie of its impetus in going through 
the wire, fo that the wire fuffera the greateft cfFcCt of the 
(hock on that end which the eleCtric fluid enters; in confe- 
quence of which, that fame end will be rendered red hot 
much fooner, and in a greater degree, than thofe parts 
which arc more remote from it. 

When the conducting powers of different fluids are to be 
afeertained, the belt method of performing the experiment 
is to fill very narrow glafs tubes, fuch as are ufed for fpirit 
thermometers, wrh the fluids in queftion, introducing a pin 
at each end of the tubes ; nnd to prefent them fucctflively 
to the prime conductor, after the manner already deferibed. 
For other kinds of bodies other methods may be adopted for 
afeertaining their conducting powers. Thcfe, however, 
nted not be particularly deferibed ; firft, becaufe they may 
be eafily derived from thofe that have been deferibed above; 
and, fccondly, becaufe they muft be varied according to the 
nature of the bodies in queftion. After all, it mutt be ac- 
knowledged, that the mttals excepted, no very great drgnte 
of accuracy can be expected with other ftibftancee ; fince 
the fluctuation of their conducting powers arifes from a 
variety of flight, and almoft imperceptible differences, fuch 
as the difference of temperature, of moitture, of admixture 
with other fubftances, &c. Thus, glafs ttftlf becomes a 
conductor, when heated to a certain degree ; and the very 
fame body will conduct more or lefa readily, even by being 
placed nearer to or farther from certain other bodies. 
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In confidering the conducing power of natural bodies# 
one may naturally afle, whence docs that property arife ; or 
how is it, that certain bodies will, whilft others will not, 
conduct the elcftric power? The prefent ftate of know- 
ledge, however, dors not afford a fatisfaCtory anfwer to this 
queftion* Various fuppofitions have been offered by the 
late Dr. PriefUcy and others ; but as they are infufficient 
for the explanation of the phenomena, we (hall not attempt 
to ftate them in this place. 

The ufes of conductors are remarkable and extenfive, 
though they are not yet fully afeertained to the entire 
fatisfaCtion of the fpeculative philofopbcr. In the firft 
place, the fcience of eleCtricity, or the exiftence of the 
eleCtric power, would be abfolujtefy unknown, were it not 
for the difference of conducting and non -conducting bodies; 
for otherwife the eleCtric fluid which is manifefted to us, 
and operates merely by its paffage from one body to an- 
other, could neither be confined nor accumulated in any 
place ; in confequence of which, its uniform difperfion 
throughout the univerfe wonld remain inactive and unper- 
ceived. But the movements of conducting and non-con- 
duCting bodies in the world, their contaCt, or even their ap- 
proach without any aCtual contaCt, condenfes the eleCtric 
fluid in one place, and rarefies it in another; and this takes 
place between the clouds and the earth, &c. By the change 
of their ftates of exigence, fome bodies abforb from other 
bodies ; and others depofit upon other bodies confiderablc 
quantities of eleCtric fluid. Thus, a perpetual and ample 
circulation of that fluid is continually kept up amongft all 
the fubftances of the terraqueous globe, whence thunder 
and lightning, vaporization, and probably feveral other 
important operations of nature, are derived. In order to 
underftand the aCtion of conductors when oppofed to each 
other, fee the nature of eleCtric atmofphcres under the arti- 
cle Electricity. 

The greateft advantage which mankind have derived from 
the knowledge of the prefent fubjeCt, is the adoption of a 
conductor for the prefervation of buildings and veflels 
againlt the dire effeCts of lightning. The identity of eleCtri- 
city and lightring proved by Dr. Franklin, and his fubfe* 
quent introduction of conductors for preferving buildings, 
form two of the grandeft difeoveries of the laft century. It 
was propofed by the above-mentioned philofophcr to raife a 
metallic conductor fome feet above the higheft part of the 
building, to continue the fame down along the outfide of 
the wa1>, and below it, deep into the earth, or, which it 
preferable, to comieCt it with fome well or drain. By thcfe 
means the houfe would have little to apprehend from a 
ftroke of lightning; for, fince an electrified body is well 
known to ftrike the neareft and bell conductors that may 
happen to be in its way, it is evident that the condu&or 
fitu.ved in the abovementioned manner, being of metal, and 
higher than any part of the building, would naturally be 
ftruck by the lightning in preference to any other part, and 
would conduCt it to the ground, without any damage to the 
building. 

This reafonable propofal was no fooner offered by the 
fagacious Franklin, than it was adopted in America, in 
Europe, and dfewhere. Numerous tafts foon proved the 
uftfulnefs of fuch conductors, and extended its adoptions 
by (hewing that feveral houfes, which before had been re- 
peatedly ftruck by the lightning, efcaped unhurt after the 
application of the conductor; that, in many places, the 
conductors of houfes were actually ftruck by the lightning, 
which melted them about their extremities, yet the houfes 
themfclves received no injury ; and fo forth. 

Though the conductors were inft&ntly adopted, yet their 
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enoft ufeful form, cfpecially with refpeft to their upper ter- 
mination, has been much controverted 5 and it is but lately 
that the true ftate of the queftion has been elucidated. The 
ejueftion was, whether the conductors (hould terminate in a 
point, according to Dr. Franklin's original propofal, or in 
a ball. Mr. B. Wilfon exhibited feme experiments, in 
which a point was (truck at a greater diflan-e than a ball 5 
whence he concluded, that as the point would attract the 
lightning from a greater diftance, a blunt termination ought 
to be preferred, fince, in certain cafes, it would avoid a 
ftroke of lightning, which the pointed termination would 
Hot. (Phil. Tranf. for 1778). Mr. Nairne, on the other 
hand, (hewed fome experiments, in which a ball was (truck 
in preference to a point. And this indeed U confirmed by 
a great variety of other experiments. In (hort, a pointed 
conduftor will draw the clcftric fluid fiom an incomparably 
greater diftance than a blunt one ; but it will draw that 
fluid gradually, in a dream, or filent manner ; whereas the 
blunt termination will receive it in a full fpark, or at once ; 
hence a pointed, conduftor will tend to diminifh the quan- 
tity of eleftricity in a cloud, previous to its coming too 
near, and thus it may proteft a greater extent of building 
than a conduftor with a blunt termination, fince the objeft 
of fixing a conduftor to a houfe is to proteft the houfe 
from the effefts of lightning, and not the conduftor from 
tranfmitting the matter of the lightning. 

Upon the whole, confidcring the immenfe quantity of 
eleftricity in a thunder cloud, and the little difference be- 
tween the aftion of a blunt nr a (harp conduftor with 
refpeft to that quantity, the difference of thofe terminations 
feems to be of lefs confequence than it was apprehended in 
the fervour of the difpute. After ail the experiments and 
the difcuffion8 made for the purpofe, “ A conduftor," Mr. 
Cavallo obferves, u to guard a building, as it is now com- 
monly ufed in confequence of fevcral confidcrations and ex- 
periments, (hould confift of one iron rod, (copper would do 
muck better, it being a more perfift conduftor of eleftrb 
city, and at the fame time not being fubjeft to contraft 
rult fo foon as iron), about three quarters of an inch thick, 
faftened to the wall of the building, not by iron cramps, 
but by wooden ones. If the conduftor were quite detached 
from the building, aud fupported by wooden polls at the 
diftance of one or two feet from the wall, it would be much 
better for common edifices j but it is more particularly ad- 
vifable for powder-magazines, powder-mills, and all fuch 
buildings as contain combuftibles ready to take fire. The 
upper end of the conduftor (hould be terminated in a py- 
ramidal form, with the edge6, as well as the point very 
(harp ; and if the conduftor be of iron, it (hould be gilt or 
ainted for the length of one or two feet. This (harp end 
tould be elevated above the highell part of the building, 
(as above a (lack of chimnies, to which it may be faftened), 
at lead five or fix feet. The lower end of the conduftor 
(hou)d be driven five or fix feet into the ground, and in a 
direftion leading from the foundations ; or it would be bet- 
ter to conneft it with the neareft piece of water, if any be 
at band. If this conduftor, on account of the difficulty of 
adapting it to the form of the building, cannot conveniently 
be made of one rod, then care fhoula be taken, that where 
the pieces meet they be made to come in as perfeft a 
contaft with one another as poffible 5 for the eleftricity finds 
confiderable obftruftion where the conduftor is interrupted. 
For an edifice of a moderate fize, one conduftor, in the 
manner already deferibed, is perhaps lufficientj but, in order 
to fccure a large building from iu darning any damage by 
lightning, there (hould be two, three, or more conduftor?} 
in proportion to the extent of the building. 

In (hips a chain has often been ufed for this purpofej 
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which, on account of its pliablenefs, has been found very 
convenient, and eafy to be managed among the rigging of 
the vcfiel ; but as the eleftricity finds a great obftruftion in 

n through the feveral links, for which reafon chains 
been aftually broken by the lightning, fo their ufe has 
now been almoft entirely laid afide $ and in their (lead, cop- 
per wires, a little thicker than a goofe-quilJ, have been fub- 
(lituted, and have been found to anfwer very well. One 
of thofe wires (hould he elevated two or three feet above 
the highell maft in the vrflel ; this (hould be continued 
down the maft, as far as the deck, where, by berding, it 
(hould be adapted to the furface of thofe parts, over which 
it may mod conveniently be placed, and, by continuing it 
down the iide of the vtflTel, it (hould be always made to 
communicate with the water of the Tea." 

Another precaution mud be added to the above direc- 
tions, which is, that a communication fhouki be made be- 
tween the conduftor, and all other pretty large pieces of 
metal in the building, fuch as leaden fpouis, large iron 
clamps, See . ; for otherwife a lateral explofmn may take 
place between thofe detached pieces of metal, at the time 
that the lightning is conveyed by the conduftor, and thence 
the building may receive fome damage, though not in a veiy 
great degree, unlefs indeed in cafe of powder mills and 
powder-magazines. See Lateral bx plosion. 

It is owing to this circumftance, that fome buildings fur- 
nifhed with a conduftor or two, are faid to have been (truck 
and to have been dam?gcd by a ftroke of lightning. See 
Phil. Tranf. vol. Ixxii. 

The fize of the conduftor, as recommended in the pre- 
ceding paragraphs, has by fome been thought too fmall for 
the purpofe j and an inftsmee is recorded of a conductor of 
iron, four inches wide, and half an inch thick, which is faid 
to have been made red hot by a ftroke of lightning. But 
with refpeft to this remark, we (hall briefly obferve, that 
(hould any perfon think that the conduftor, as direfted 
above, is not large enough, the enlargement of its fize is 
attended with no other inconvenience than an increafe of 
expence. However, though a conduftor be made red hot, 
and even melted by a ftroke of lightning, yet it will effec- 
tually convey that ftroke of lightning to the ground with- 
out any material injury to the building, as has been fuffi- 
ciently proved by experiments with artificial eleftricity, as 
well as with cafes of conduftor# partly melted by the light- 
wing. 

Conductors of heat . When a congeries of bodies re- 
mains long in a given degree of temperature, thefe bodies 
will all acquire the fame apparent degree of heat \ that is* 
the thermometer placed in contaft with any of them, will 
rife to the fame degree ; and in this cafe of equilibrium 
there is no reafon to believe that any heat, or of caloric* 
pa(Tc8 from one body to another ; but if a body, at a certaia 
temperature, be placed amongft bodies of a different tem- 
perature, the caloric will, in this cafe, be communicated 
from the former to the latter, or vice verfd; according ms 
the temperature of the former is higher or lower than that 
of the latter. This communication or pafTage of heat from 
one body to another, is made either by contaft or by radicb 
t ion. —By contaft , when the bodies, which are contiguous ta 
the hotter one, are progreffively heated ; viz. the neareit 
firft, and then thofe which are farther off, without any in- 
terruption; as when a red-hot piece of iron is placed 
amongft other pieces of colder iron, the heat is gradually 
communicated from the red hot one to the others.-—^ ra* 
(fiat ion, when the heat from m hot body jpafles through a. 
vacuum, or through tranfparent bodies, which are not heated 
by it, yet it elevates the temperature of bodies placed at 
fome diftance* Thus, the folav heat radiates freely through, 
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air, glafs, water, See., and heats opaque bodies without 
fenlibly affeaing the tranfparent bodies through which it 
paffes. Thus alfo, a thermometer fufpended under the ex- 
haofted receiver of an air-pump, or in the Torricellian va- 
cuum, continues to vary its temperature with that of the 
furrounding bodies. 

In the communication of heat from one body to another, 
when a third body is interpofed, it has been obferved that 
the tranfirion of heat is much quicker when certain bodies 
are interpofed, than when other bodies are placed between ; 
but there are no bodies known which prevent that tranfition 
efte&ually ; hence the bodies of theuniverfe are diftinguirtied 
into more or lefs perfeft conductors of heat, but they afford 
no inftance of a perfect non-condu&or. 

The tranfmiffion of heat from a folid at a higher degree 
of temperature, to another at a lower one, in a given 
time, b nearly proportional to the difference of their tem- 
peratures. But the velocity with which heat is propagated 
through the fubftance of different bodies, varies consider- 
ably according to the nature of thofe bodies. In general, 
metallic bodies are the belt condu&ors of heat ; (tones, or 
hard earthy bodies come next ; then the vitreous fubftances, 
and the refmous. Dry animal parts, excepting bene**, and 
efpecially dry and light vegetable bodies, are bad conduc- 
tors of heat. The conducing power of liquids is of a par- 
ticular nature, which will be mentioned presently. But the 
different bodies of the fame clefs differ confidefably in con- 
ducing power. Thus the metals poffcfs it in different de- 
grees, and their proportional powers were thus eftimated by 
Dr. Ingenhouf*. He procured equal cylinders of feveral 
metallic fubftances, and having coated them with wax, he 
plunged their extremities in hot water, and judged of the 
conducing power of each, by the length of the wax-coat- 
ing that was melted. The refult of thefe experiments is 
exprtffed in the following lift, which commences with the 
beft conduCors. Journ. dc Phyf. 1789, p. 68. 

Silver. 

Gold. 

Copper. } nearly equal. 

Plstina. 

much inferior to the others. 

Lead. 

In the fame paper, the proportional conducing powers of 
three fluids are dated in the following manner : 

Equal lulls . Equal weights* 

Water • t. 1. 

Mercury • 2. 4.8 

Linfced oil - 1. 1 1 1 1.085 

The conducing power of the fame body does not remain 
invariably the fame in all circumftances ; but it differs, ac- 
cording as the body changes its Hate of exiflence, fo that 
the conducing power of a body in a folid date is different 
from that of the fame body in a fluid Hate. And at the 
time of changing its ftate of exiftence, the conduCing 
power in mod cates ccafce altogether. Thus, at the tem- 
perature of 6o°, fulphur is a conduCor j but when heated 
to 212% at which point it melts and becomes volatile, it is 
no longer a conduCor. Thus alfo, ice conduCs at the 
temperature of 20°, or at any other temperature below the 
freezing point, which is 32* ; but at that point it ceafet to 
be a conduCor, becaufe the beat which may be communi- 
cated to it is abforbed as an ingredient neceflary to its fluid 
ftate, which it affumes at, or little above, that point. 
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RsrefaCion or condenfation altera the conduCing powers 
of feveral bodies. Yet the rarefaCion of air is by no means 
accompanied with a proportionate diminution of its conduit- 
ing power. 

Profeffor PiCet fuppofes that heat afeends within folid 
bodies more readily than it defeends ; viz . that in commu- 
nicating heat to a folid body by the lateral application of « 
hotter body, the upper parts of the former are heated 
fooner than the lower. Thi9 effeC, however, may with 
propriety be attributed to the afeending current of heated 
air which rifes along the furface of the body, and caufen 
colder air to approach the lower part of the body ; hence 
the heat is continually carried upwards. 

The conduCing power of a body changes likewife, in 
confequence of an alteration of the furface; fo that polifh 
and figure are likewife concerned in the reception as well 
as in the propagation of heat. Thefe particulars, how-* 
ever, together with the rcfleCion and refraCion of heat, 
from the furface or through the fubftance of bodies, will, 
with more propriety, be explained under the article 
Heat. 

Fluids are, upon the whole, very imperfect conduCors of 
heat, and Count Rumford was led, by his experiments, to 
conclude that heat is not at all propagated through them 
by contaC, as it is in folids. f See Kirm ford's paper on 
the ConduCing Property of Fluid, &c. Phil. Tran f. 1805.). 
Whatever permits or promotes the motion of the particles 
of a fluid, contributes to the propagation of heat ; — what- 
ever obftruCs that motion, retards the propagation of heat 
through them. The particles of air which come in contaft 
with an heated body, being thereby heated and rarefied, 
become fpecificaily lighter than the furrounding air, and 
of courfe afeend ; other air then comes in contact with the 
heated body, and this alfo being heated is caufed to afeend, 
and fo forth. Thus is heat conveyed from the original 
hot body, by the air, to a diftance from it $ but if that 
motion of the air be obftrufted, as by the interpofttion of 
partitions of paper, wool, cotton, furs, and the like, then 
the commun’cation of heat is prevented more or lefs effec- 
tually. It is principally on this account, that furs, feathers, 
eider down, cotton, and other fimilar things, form warm 
coverings ; viz. btcaufe, by preventing in great meafure the 
motion of the air between their filaments, they prevent at the 
fame time the difCpation of heat. 

The like obfervations are applicable to water, and perhaps 
to all other fluids. When a vtffel full of water is fet upon 
the Are, the particles of water that are clofc to the bottom 
of the veffel are firft heated and rarefied ; in confequence of 
which they afeend, and other colder particles take their 
place, which, being heated, likewife afeend, and fo on. If 
the fire be applied to the upper part of the water, the fluid 
will not be heated, or at molt it will in a very flight degree. 
Count Rumford (fee his yth Effay) confined a piece of icc 
at the bottom of a pretty tall glab veffei full of water nearly 
boiling, and noted the time it took up to melt the ice. The 
experiment then was repeated with this difference, viz. that 
a fimilar piece of ice was placed on the furface of the hot 
water, inftead of the bottom. It was found that the ice 
melted more than eight times quicker in this iaft fituation 
than in the former. The refult of this remarkable experi- 
ment is explained in the following manner. When the ice 
fwtms on the furface of the hot water, the particles of the 
latter, that are contiguous to the ice, being cooled by it, de- 
feend, and other hot particles of water take their place 9 
which depofit their heat upon the ice, end, being thereby 
rendered fpecificaily heavier than the next particles of watcit 
alfo defeend# and to forth. But when the ice is confined a* 
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the bottom of the veflel, the particles of hot water which 
come firft in contaA with it, are cooled, and arc rendered 
fpecifically heavier, in conference of which they remain in 
their place, and no motion will take place within the water 5 
hence the ice is not melted nearly fo readily as in the former 
{kuation. Now count Rum ford contends that it is by means 
of the above-mentiontd motion only that heat is propagated 
through fluids, and not otherwife. This conclufion was no 
fooner publifhed to the fcientific world, than it was oppofed 
in an able manner by very fleilful phiiofophera. See Dal* 
ton’s paper. Nich. Journ. vol.iv. p.75. Traill’s paper, ibid, 
for 1805, p. 133 : and Murray’s paper, ibid. vd. i. From 
thefe papers we (hall make the following abridged cxtra&s, 
which feem ncceflary for the elucidation of the fubjedt ; and 
in the firft place we (hall ftate Mr. Murray's experiments. 

Into a glafs cylindrical vefl'ei water was poured, till it 
covered the bulb of a thermometer ; its temperature was 4C 0 , 
which was likewife the temperature of the air of the room. 
One ounce of olive oil, heated to 140°, was poured on a 
foiall piece of cord, fufpended on the furface of the water, 
and the cord was flowly withdrawn. Any motion of the water 
was thus avoided. In the courfe of a ruinate t^e thermome- 
ter began to rife flowly ; in five minutes from the commence- 
ment of the experiment, it had rifen 4°, in ten nvnutes 6{°, 
in fifteen minutes It then became ftationary, and con- 
tinued fo for feven minutes, before it began to fail. Its de- 
feent was flow. This experiment was repeated with a hot 
metallic ball (inftead of oil) immerfed in the water above the 
thermometer, and it was attended with a fnnilar effect. 

From thefe refults the conclufion might feem juft, that 
the fluid mud pofltfs a conducing power. Yet this is ren- 
dered doubtful by the circumftance, that in all experiments 
of this kind, a quantity of caloric muft be conveyed by the 
Tides of the veflel. In order to avoid this fource of error, 
Mr. Murray employed a veflel of ice. But water could not 
be ufed in this cafe, becaufc that fluid expands from 40° to 
$2°; therefore oil and mercury were ufed. 

A quantity of almond oil was poured into the ice veflel, 
fo as to cover the bulb of the thermometer a quarter of an 
inch. A fmall cylindrical iron cup, two inches in diameter, 
and having a flat bottom, capable of holding two ounces by 
mcafure, was fufpended fo as merely to touch the furface of 
the oil, and was filled with boiling water. At the begin- 
ning of the experiment, the thermometer flood at 3 2°. In 
a minute and a half it had rifen to 3-f 0 , in three minutes to 
34J°, in five minutes to 3^i°, in feven minutes to J7{°. At 
this point it became ftationary, having rifen in feven mi- 
nutes. The temperature of the water in the cup had in this 
time fallen to 96°. The thermometer, after remaining fta- 
tionary at 37i° for fix minutes, began to fall, and it con- 
tinued to defeend at the rate nearly of a degree in a minute 
and a half, till it returned to 3 2°. The experiment was re- 
peated with this variation, viz . that the thermometer was 
placed lower, fo that half an inch of oil flood over its 'bulb. 
It was alfo repeated with mereury inftead of oil. But in 
both cafes the refults were fimilar to that of the firft experi- 
ment. 

%< This rife,” Mr. Murray fays, “ it appears to me im- 
poflible to aferibe to any other caufe than to a power in the 
fluid to condu& caloric. Thus it is evident, that the Tides 
of the veflel could not convey to the fluid in contact with the 
bulb of the thermometer any part of the caloric it received. 
Ice, in common with any other folid, may, at temperatures 
below its melting point, conduft caloric ; but as it cannot 
poflibly exift with a temperature above 3 a 0 , it cannot com- 
municate any temperature above that to a fluid in contact 
with it, and confcquentiy it could not contribute in the 
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above experiment to raife the thermometer above that tem- 
perature. Caloric docs not radiate through tranfparent 
fluids, and it cannot even be fuppofed capable of palling by 
radiation through an opaque fluid as mercury. 

Il it be proved that oil and mercury are capable of con- 
ducting caloric, it will be admitted as fuflicicntly probable, 
that other fluids may have a fimilar power. Of thefe two, 
mtreury, it is probable from thefe experiments, is the beft 
conductor,. a9 the rife of the thermometer took place in it 
much more rapidly than in the oil.” 

Dri Traill’s experiments for afeertaining the conducing 
powers of divers fluids, were performed in the following 
manner. 

A cylindrical veflel was turned out of wood, having its 
Tides half an inch thick, its height four inches and its diameter 
two. It has a moveable wooden top or cover, perforated with 
a hole in its centre, a little more than an inch in diameter, into 
which an iron cylinder, of one inch in diameter, could be 
eaiily introduced. This cylinder is fupported by a flight 
flanch, or fhoulder-pitce, and can be taken up by means of a 
ft ring attached to its top. When the iron bar is in its place, 
its fiat lower extremity is half an inch diftant from the bulb of 
a delicate mercurial thermometer, which is fixed by wax in a 
hole perforating the cylinder near its bottom. This ther- 
mometer is bent to a right angle, fo that its bulb and part of 
its Item lie in the axis of the wooden cylinder. This 
fliape was preferred, becaufe the fiem could be little affc&cd 
by the caloric tranfmitted by the Tides of the veflel, till after 
the bulb was a&cd on by the caloric of the iron bar. 

A variety of experiments was performed with this apparatus 
in the following manner: The temperature of the room 
being fteadily 67°, Fahren. therm. 5 during the trials, a kettle 
of water was kept boiling over the fire. Its temperature 
was between 21 1° and 212°, and in this the cylinder of 
iron was fuffered to remain, at each experiment, for fifteen 
minutes. The liquid to be examined, and all the appara- 
tus (but the iron bar) were at each experiment afeertained 
to be at 67°. The liquid was poured into the wooden vef- 
fel, till it could rife 1 \ y of an inch on the fide of the irox 
cylinder when in its place. The wooden top was put on f 
and the iron was drawn out of the kettle of boiling water 
by means of the attached firing, and inftantly let down 
through the hole of the cover. The time the thermometer 
took to rife through 3 0 (viz. from 67° to 70°) was accu- 
rately marked by means of a flop-watch, and the refults 
of the experiments on feveral fluids, are exhibited in the 
following table. 


Liquids. 


Water .... 

Cow-milk .... 

Proof fpirit - - 

[Alcohol. Lend. Pharmac. - 
Tranfparent olive oil - 

Mercury .... 

Solution of fulphate of iron. Sait 1. Water 3.] 
Saturated folution of fulphate of tlumine 
Saturated folution of fulphate of foda 
Aqua potafT. pure* London Pharm. 

Saturated folution of fulphate of foda, but'} 
the liquid not touching the iron cylinder, > 
by T y of an inch, or nearly fo J 


s 

9 

a 

S 


7 

I 

8 nearly 
10 

9 
9 
8 

9 
6 

8 
*9 


25J 

& 


I40 

3 


laol 
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u If I am not deceived/' fays Dr, Traill, {t we may con- 
clude from what I have above adduced, that liquids, as 
well as folids, are condii&or* of caloric; that the tranf- 
mtfiion of it through them follows a particular law depend- 
ing on the properties of the particular liquid j but which 
in not in the exalt ratio of any of their mechanical pro- 
perties, though nearer that of their denfity, than any 
other." 

A circumftance, deferving the attention of the fpecu- 
lative philifopher, refpjcfling the conduftors of cle&ri- 
city and <)f heat, has been obferved ; viz , that mod of 
thofe bodies which are good condu&ors of the one, are 
likewife good conduAors of the other. This law, how- 
ever, is not without exceptions. Thus, metallic bodies 
are good conduAors of both; but charcoal is a good 
condu&or of eledricity, though a very bad conduftor of 
heat. 

The laft particular, which we (hall briefly notice, with 


CONDUCTORS 

refpeA to the condudors of heat, it their life. This, on 
the leaft examination, will be found to be eery extenfive. 
Nature and art avail themfelvea of thefe peculiar proper* 
tie* of bodiea, and without them both animal and vegetable 
life could not fubfift. The ntmofphericil fluid which enve* 
lopea the earth, ia a very bad condudor of heat, undoubt- 
edly creeted for the purpofe of not diflipating the heat of 
the earth and terreftrial bodiea. The coverings of animals, 
fuch as furs and feathers, being extremely bad condu&ors, 
confine the heat on the animal body. The bark and ligne- 
oua part of planta, in confequence of their impeded con* 
ducting powers, tend to prevent the freezing of vegetable 
juices. The induftry of man haa not omitted to ufe the 
worft condudors of heat for coveringa, for the defence of 
hia habitations, for the confinement of heat in certain fur- 
nacea, it c. In (hort, numeroua and admirable effeda are 
deduced by Providence, and fcveral cflential advantages are 
obtained by art, from a proper application of the various 
conducting powers of natural bodies. 



Congelation 


CONGELATION (from the Latin congelo), means the 
tranlition of a liquid into a folid ftate, in coultquencc of the 
abftra&ion of heat ; thus metals, butter, oils, water, &c. are 
faid to congeal, when, from a fluid ftate, they pafs into that of 
a folid. 

Congelation and freezing mean, in fact, the fame effeft ; 
yet the term congelation is indifcriminately apphtd to all the 
above-mentioned tranfitions } whereas the word freezing is 
more commonly ufed for denoting the congelation of water, 
of vinegar, of brandy, of mercury, and in (hort of all thole 
fubftances which, in order to become folid, muft be cooled be- 
low 3 2° of Fahrenheit's thermometer. We (hall, however, 
in this work, divide the fubjeft of congelation undtr the 
two above-mentioned denominations; dating, under the pre- 
fentarticle, whatever relates to natural congelation, asun- 
der the article Freezing, whatever relates to the artificial 
method* of freezing. 

Another important procefs, much connected with con- 
gelation, has been improperly feparated from it. And this 
m cryflalKzation, or the arrangement of certain fubftances 
into regular figures, in their tranfitions from the fluid into 
the fold ftate; but water and feveral other bodies like wife 
crjrftallize in congealing, which fhews that the two proceffes 
can hardly be feparated; and this is rendered ftill more evi- 
dent by a due confideration of other phenomena that accom- 
pany both proceflei. Allowing therefore that cryftalliza- 
tion and congelation are effentiauy of the fame clafs, a flight 
diferimination may be formed by applying the term cryltal- 
lization to the formation of thofe regular forms or cryftals, 


which are of a compound nature, and which, when once 
formed, generally require a much greater degree of heat for 
their liquefaftion, than that in which (hey were formed. 

By far the greater number of liquids we are acquainted 
with, have been found capable of congelation in a proper 
temperature; and on the other hand moft of thofe folids 
which are fuch in the ufual temperature of the atmofphere 
may be rendered fluid by the application of certain appro- 
priate degrees of heat ; hence we are led by analogy to fup- 
pofe, that every fluid might be congealed, if it were poifible 
to cool it fnfficientlyj or that fluidity ia the effeft or con- 
ference of heat. Every particular kind of fubftance re- 
quires a differeat degree of temperature for its congelation ; 
hence it appears why certain fubftances remain always fluid, 
whilft others remain always folid, in the ordinary tempera- 
ture of the atmofphere, and why certain other fubftances 
are fometimes fluid, and at other timea folid, according to 
the viciifitudes of the weather, the difference of feafona, and 
the variety of climates. 

Heat, or fenfible caloric, continually tends to pafa from 
thofe bodies which have more of it than their proper ihare, 
to thofe contiguous bodies which have left of it than their 
proper Ihare; hence, when a body ia placed amongft other, 
bodies of a lower temperature, its heat gradually paffes to 
thofe other bodies, until the whole acquires the fame tempe- 
rature | and this tranlition proceeds regularly, excepting, 
however, when the body is in the ad of affuming the folid 
ftate; for at that moment a fudden extrication of heat ia 
obfervablc. Place a thermometer in a glafa full of water. 
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and place the glafs in a freezing mixture of broken ice, and Lead fixes, according to Crichton of Glafgow 
common fait, the thermometer will be found to dtfeend gra- g:f mut L f * * - 

dually as low as 30, or 28 degrees of Fahrenheit's thermo- l according to Irvin 
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meter, and fometimes even much lower, whilft the water re- 
mains fluid; but, at hft, the water begins to freeze, and at 
that very moment the thermometer rifes fuddenly to 32% 
and it remains at that point until the whole of the water is 
congealed. If then the application of the freezing mixture 
be continued, the thermometer will fink gradually fcveral 
degrees below 32 0 , according to the activity of the freezing 
mixture. We may. Dr. Black obferves, eafily fatisfy our- 
Iclves, that the water, while congealing, is continually im- 
parting heat to the furrounding air; for, if we fufpend a de- 
licate thermometer immediately above the water, we (hall 
find the inllrument affected by an afeending ftream of air, 
lefs cold than the air around. 

Not only pure water, but all aqueous fluids, may be cooled 
down 7, or 8, or 10 degrees without freezing; but if in that 
ftate they be affefted with a tremulous- motion, or if they be 
touched with a (lender piece of ice, they will mftantly (hoot 
into beautiful fpicuks, the thermometer in it riling at the 
fame time. Tnis linking phenomenon of the (udden rifng 
of the thermometer at the moment of congelation, which 
has alfo been remarked in wax, ipermaceti, and other fub- 
ftances, has not yet been fully or fatislaftorily explained, 
It is true that ice has not fo great a capacity for containing 
heat aswater has; (fee thrcapacities of bodies under the article 


Caloric and Heat) ; but whv fhould water fo rcluftantly Bees wax melts 
part with that fuperfluoua quantity of heat as to fnffer itfelf Tallow melts 


Lead fixes, according to Crichton of Glafgow 61 a 0 . F* 
Bifmuth melts { #ccor j ingt * oIrv : ‘ 

A mixture of one part of tin and four of lead, melts 476. 

! . - • • 408. 

according to Irvin - - 4*3- 

according to Crichton of Glafgow, it 
congeals at - - 442. 

The lad mentioned gentleman fays, " in melted tin the 
thermometer funk gradually till it arrived at 442° ; then it 
inftantly funk to 439° ; and as inftantly rofe to 442 0 . At 
this temperature the mercury remained perfeftly ihtionary 
for five minutes, at which time the metal became folid to the 
centre of the crucible.” 

A mixture of three parts of tin and two of lead 1 
melts - - - - 1 * 

A mixture of two parts of tin, and one of bif- f 334 * 
muth melts • j 

A mixture of tin and bifmuth, in equal parts, 
melts - - - • 283. 

Sulphur melts - - 234. 

A mixture of five parts of bifmuth, three of tin, 
and two of lead, melts - 212. 

A mixture of three parts of tin, five^ of lead, and 
eight of bifmuth, melts - - 219. 

Serum of blood begins to coagulate at - 156. 

Albumen, or the white of an egg, coagulates at - 156. 


iometimes to be cooled feverai degrees below 32, before it Spermaceti melts 112. 

will airtime the folid form? Ice, or congealed water, begins to melt - 32. 

Since water, when it ha- one •> -gun to congeal, remains The increafe of the bulk of water previous to, as alfo fol- 
at the apparent temperature ot *2° unH the whole of it lowing, its point of congelation is a remarkable property, 
is congealed ; and fiuce water cannot remain congealed in a which has been more or lefs obferved with all aqueous fluids, 
temperature higher than 32° ; th -relore the congealed point v \ %% they are cont rafted by cold, until a certain limit, which 
0 m? tCr ” aS k?. en ^ xcc ^ at 3 2 ° °* generally is about 7 or 8 degrees higher than their con- 

The congealing points of lever.il other fubftances have alfo gealing point 5 they then expand again as they are cooled far- 
been afeertained with confiderable accuracy. In fome, ther, and if they are not agitated, they will remain liquid at 
however, it is not the congealing, but the melting, point a temperature lower than their congealing point. The 
that has been akertained. Thcfe two points, if they be not greateft denfity of water, Count Rumford fays, is fome- 
qmte the fsme, m?y naturally be fuppofed not to differ w hat lower than 40°. Profeffor Hope of Edinburgh places 
more than about a degree or two ; hence from the latter the j t between 39°^ and 40°. Mr. Dalton fays, that the 
form?r may be eafily deduced. In the following table, how- greateft denfity of water is at the temperature of 42°#5. 
ever, we (hall fet down the one or the other of tHofe points, And that the expanfion of water is the fame at the diftance 
accordmg as either of them has been more accurately deter- D f t b- fame number of degrees above and below 4a 0 .;;. 
m,ne< ** Thus the expanfion is the fame at 3 2° and 53 0 ; the fame 

Table of the congealing, ot melting points of different fubjlances, at io° and 7 5°, &c. The increafe of bulk in freezing wa- 
exprffrd in degrees of Fahrenheit's fcale ; the high degrees of ter is not owing to the formation of air bubbles, for water. 


which have been tftimated by the equivalent degrees of Wedg- 
wood's thermometer 1 

Platina melts • . 23177° F. 

Manganefe melts • 28877. 

Iron melts - . 216.57. 

Nickel melts . 20577. 

Pig iron begins to mclt\ 

Cobalt melts - / * 7977 * 

Fine gold melts - - - • ,5237. 

Settling heat of flint glafs - 4847. 

Fine filver melt, f accon *! n K t0 Mr. Wedgwood 47 1 7. 

I according to Sir James Hall 393 - 
Swediftt copper melts 4587. 

Brafs melta *807. 

Zinc melts - 700. 


Lead melts 


f according to Newton 
| according to Seconat 
| according to Irvin 
[according to Parker 


which has been deprived of air, will alfo expand in freezing. 
The bulk of ice, at a mean, is to that of the water which 
it produces, as 9 to 8. This enlargement of bulk is attri- 
buted to a cryftallization ; the particles of water in freezing 
tend to arrange themfelves fo as to form angles of about 60 
and 120 degrees ; and this tendency is exerted with a prodi- 
gious force. Mr. Leflie fays, “ water necefiarily dilcharges 
its air previous to the aft of congelation ; a circumftance 
which fomet’mes retards that fptcies of cryftallization. 
Hence it is, that water freezes fooner which has been boiled. 
When expofed to cold, crude water will prefent a cake of 
ice crowded with large bubbles entangled in the mafs ; but 
boiled water will contain a folid lump, almoft pellucid, with 
only fome minute fpecks or ftriae (hooting from the centre. 19 
Dr. Black fays, that boiled water begins to freeze as foon 
as the air has cooled it to 32°. Iron likewife occupies lefs 
room when fluid than when folid. And the fame thing 
has been averted of two . or three other metallic fob* 
fiances; 
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Vinegar congeals at about ... 28°. F. 

Hu nan b’ood congeals at ... . 25. 

Strung wines congeal at about • 20. 

A mixture of one part of alcohol and three of water con* 
at - - - 7. 

A mixture of alcohol and water, in equal part*, congeals 
at - - minus 7. 

A mixture of two parts of alcohol and one of water, con- 
geals at minus 1 l. 

Mercury congeals at - minus 39. 

Mercury expofed to cold, and it about the point of conge- 
lation, contra ft 8 its bulk irregularly. This fubftance may 
be cooled fome degrees below its freezing point, before 
it afTumrs the folid form ; but as foon as it begins to 
harden, the thermometer rifes to its freezing point, 
which, from a variety of experiments made by Mr. Hut- 
chins at Hudfon’s Bay, appeared upon his thermomtter 
to be — 40°. “ But (Mr. Cavendifh obferves in the 

Phil. Tranf. vol. Ixxiii. p. 32 1.) as it appeared from the 
examination of bis thermometer, after it came home, that 
— 40° thereon anfwers to — 38} on a thermometer ad- 
jufted in the manna recommended by the committee of 
the Royal Society ; it follows, that all the exper ments 
agree in {hewing that the true point at which quicklilver 
freezes, 18 — 38}, or in whole numbers 39 0 below nothing.” 
In becoming fohd, mercury Lmttimes {hoots into cryftals 
or longitudinal filaments iike pins. The firft obfetvations 
concerning the natural congelation of mercury were made 
by Mr. Gmtlin about the year 1735, at Yencfeick in lat. 
3 * 4 ° north, at Yakulik in lat. 62° north, at R'vengo, lat. 
57 ^° north, and clfewhere. (See the Pcterfburg Com- 
mentaries for the ytars 1756 and 1765). Proftfior J, 
A. Braun, of Peterflnirg, in the year 1739. firft accom- 
ph filed the congelation ot mercury by art, viz. by means 
of fnow and aqua fortis. But with refpeft to the artifi- 
cial methods ot congealing mercury, and their hiftory, fee 
the article Freezing. 

Nitre acid is laid to congeal at minus 66. 

With rtfpeft to the congelation of the fulphuric, or vi- 
triolic acid, the greateft. number of experiments Teems to 
have been made by Mr. Keir, and from thofc experiments 
be infers : “ 1. That the vitriolic acid has a point of eafieft 
fret zing, and that this is when its fpecific gravity is to that 
of water as 1780 to 1000. 2, That the greater or lefs dif- 

pofition to congelation does not depend on any other cir- 
cumftance than the ftrengtb of the acid. 3. That the 
freezing and thawing degree of the mod congealable acid is 
about 45* of Fahrenheit*# feale. It is, however, to be ob- 
ferved, that this degree is inferred from the temperature in- 
dicated by the thermometers immerfed in the freezing 
and thawing acids ; but the congelation of the fluid 
acid could never be accomplilhed without expofing it to a 
greater degree of cold, either by expofing it to the air in 
frofty weather, or to the cold of melting fnow. 4. Like 
water, this acid ptfllfles the property of retaining its fluid- 
ity when cooled ftveral degrees btlow the freezing point ; 
and of rifing fuddenly to it when its congelation is pro- 
moted by agitation, or by contadt even with a warmer ther- 
mometer. 5. That, like water and other congealable fluids, 
the vitriolic acid generates cold by its liquefaftion, and heat 
during its congelation, though the quantity of this heat and 
cold remains to be determined by future experiments 6. 
That the acid, by congelation, when the circumftances for 
dilliuft cryftallization are favourable, affumes a regular cry- 
ttalline form, a confiderable ioikhty and hardnefs, and a 
denlity much greater than it pofTefFcd in its fluid Hate.’ 9 
The heat ol the earth, at leaft on the furface of it, is dc* 
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rived entirely from the fun 5 for the heat arifing from com* 
bullion, as about volcanos, or from decompolition of bodies, 
is trifling and partial. The direft rays of the fun on the 
fame fpot of the furface of the earth nest h more or lefs, 
according to the time of the year, clearncf* of the atmo- 
fphere, ftaU of, the winds, colour and quality of the fpot. 
In Great Britain, during the hotteft time of the fummer 
feafon, the direct rays of the fun fddotn raife the mercury 
in the thermometer fo high as no 0 . But in other cli nates, 
cfpecially within the tropics, the mercury is railed confider- 
ably higher by the like expofure. Yet we muft not believe 
the idle ftories of the fun’s heat melting lead, or fetting fire 
to gun-powder, without the afliftance of lenfes, fpeculums, 
or other artifice. 

It is not on account of the fun’s being nearer or farther 
from the earth, that we receive much more heat in the. 
fummer than iu the winter time ; fince the difference of 
thofe di (lances is too fmall to be fenfibly felt ; but we receive 
more heat in thr fummer than in the winter feafon. 1. Be- 
canfe tlie fun comes nearer to our zenith in the fummer than 
in the winter t«me, in which fituation its rays pafs through a 
(hortcr portion of the atmofphere, and of courfe arc lefa in- 
tact pted by it. 2. Brcaufr, when the fun is nearer to the 
zenith, a grtater quantity of its rays falls upon a given hori- 
zontal part of the furface of the earth, than when that lu- 
minary (lands lower, afid its rays fall more obliquely upon 
the fame fpot. 3. Laftly, becaufe the fun remains longer 
above the honzon during a fummer day than a winter one. 

The hoiteft part of the day is not at noon, nor that 
of the year when thr fun pafles neareft the zenith of a given 
country ; but the hotteft part of the day, when no acci- 
dental circumftance intervenes, is fome time in the afternoon, 
and nearer to noon in the winter than in fummer. In this 
country and in fummer, the hotteft part of the day gene- 
rally is either prreifely at, or a little before, two o’clock. 
The hotteft time of the year in this country generally takes 
place in July, viz. after the folfticc. The rcafon of this is, 
that though the rays of the lun give more heat when the fun 
ftands higher, and of courfc at two o’clock they muft give 
kfs than at noon ; yet the earth, and the air contiguous to 
it, art hotter at two o’clock, becaufe, befidcs the heat which 
they are aftually receiving from the fun, they retain a confi- 
dtrable portion of the heat acquired before that time ; fo 
that as long as they acquire at any particular time, a greater 
quantity ot heat than they lofe of that which they had pre- 
vioufly acquired, their temperature muft continue to in* 
creafe. The fame thing muft be underftood with refpeft to 
the communication of cold, which, (or fimilar rcafon 8, is 
greateft fome time after midnight, and fome time after the 
(horttft days of the year. The earth acquires heat in the 
day time, and lofes it during the night. In the fummer feafon 
the lofs of heat during the night is lefs than the acquifition 
of it during the day ; therefore that exetfa of heat is gra- 
dually communicated from the furface to the more intern^ 
parts of the earth. But when the above-mentioned fum- 
mer heat has penetrated a certain way, the winter cold be- 
gins to coniiteraft it ; and when that cold has penetrated a 
certain way, the next fummer heat begins aga ; n to counter- 
aft it, and fo on ; hence, below a certain depth there is no 
alteration of temperature at any time of the year; unlefs 
fome local combuttion or other fource of heat (hould inter- 
fere, which, however, feldora occurs. This fixed degree 
of temperature at ja certain depth below the furface of the 
earth, varies in different countries, and nearly coincides with 
the mean temperature of the particular country. Thus in 
London the mean temperature is 5c 0 ; and if a bucket of 
water be drawn from a pretty deep well, and a thermometer 
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he inftantly placed in it, the temperature of that water, 
( which is the fame as that of the ground furrounding the 
bottom of the well) will alfo be found to be 50°. In pro* 
rtfs of time tie mean temperature of a country is liable to 
tome alteration arifing from cultivation, clearing of grounds, 
draining of ir.arfhy grounds, 8c c. See Climate, - 

W'th refpeft to tne tempera! ure at different altitude!, it 
has been found that a thermometer placed clofe to the 
ground is fometimes affected by heat or cold, fooner, or in a 
greater degree, than a thermometer placed 20, or 30, or 
t 5 o feet, higher up ; and that at other times the latter is 
atfeAed fooner, or in a greater degree, than the former. In 
4 he night time,* efpeciaily when tne air is ftill, and the fky 
quite free from clouds, a thermometer clofe to the ground 
generally indicates a greater degree of cold than in a nigher 
lituation. The true caufe of this phenomenon is not fully 
underftood ; though it is attributed to evaporation, or ac- 
cording to Mr. Six, to the coolnefs which the dews or 
vapours may acquire in their defeent. 

At great heights above the furface of the earth, either* 
in the free air, or on the fummit of high mountains, the 
cold is much greater, and it increafcs more fuddenly; ift, 
becaufe they are much more expofed, and 'idly, becaufe 
they are more remote from the body of the earth, 
which, as has been obferved above, tends to equalize the 
temperature, by retaining in the winter time a confidcrable 
degree of the heat acquired in the courfe of the fummer. The 
winds to which mountains are expofed, efpcciaHy thofe 
which, after having blown over the plains below, nfe along 
their lidos, have a peculiar refrigerating power, anting 
from the expatifion of the afeending air, which becomes 
capable of fibforbing more heat in proportion as it is more 
rarefied. Sec Dr. Darwin's Paper, Phil. Tranf. for 1788. 

Thus we have briefly Hated the natural fources, and the 
principal caufes which check orpromotethe heat and thccold, 
that are ufually experienced in the world, at different times 
of the day, of the year, ar.d in different countries j whence 
alone one may pretty well conceive where and when natural 
congelation may be expc&ed to take place. Yet it is nrceffary 
to (ubjoin fome farther obfervafons, that have been made 
with rtfpeft to natural congelation at different times and 
different places. 

The greater obliquity with which the fun's rays fall 
upon the northern and fouthern parts of the earth, than 
they do upon fuch parts as are near the equator, undoubt- 
edly produces the variety of the mean temperatures that are 
obferved in different latitudes ; the higher latitudes being 
generally colder than the lower, and vice verfd. But this 
gradation is partly countera&ed by a variety of local c!r- 
cumftancci ; and fuch are the vicinity of large tra&a of 
land or great extent of fea, the face of the country being 
flat or hilly, the difpofition of the hills and mountains, the 
prevalence of rain and of certain winds, the Hate of culti- 
vation, &c. The influence of winds in certain latitudes is 
fo very great that a frott or thaw is brought on within a re- 
markably fhort time by a change of the wind. The adion 
of winds on the temperature of a country principally de- 
pends upon . three circumflances, w*. on their bringing a 
quick fucceffion of new air in contaft with the bodies that 
are expofed to it, on their having patted over the furface of 
hotter or colder trade of water or land, and upon their in- 
creafng the evaporation. Saufliire found that when the wind 
moves at the rate of forty feet per fccond, it triples that 
-quantity of evaporation that would take pUtcW in calm air ; 
hence it follows that frequently unufual heats or colds come 
on at unexpeded times, and that the higher ftrata of the 
atmofphere are often warmer than die lower ; for the heat 
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of the atmofphere is derived not from the immediate aftion 
of the fun's rays which pafs through it, but from the 
warmer and more folid bodies with which it has been, or 
is, in adual contad. In coafequence of thefe various 
circumflances, it has been obferved that the north Pacific 
Ocean, above latitude 40°, is much colder than the north 
Atlantic, between the fame parallels of latitude. The in- 
terior parts of Siberia, eaft of longitude ioo°, are much 
colder than the parts equally dlftant from the meridian on 
the weftern fide. The coaft and interior parts of the weft* 
era regions of America are much colder above the latitude 
of 40% than the correfponding trads of the continent of 
Europe. Large feas, which are agitated by winds and 
currents, are thereby fo little afleded by cold winters or 
hot fummers, as to preferve a temperature nearly uniform 
in every fea Ton, like the internal parts of the earth. 

With refpeft to the mean temperature of places at dif- 
ferent altitudes above the level of the fea, but in the fame 
country, or nearly about the fame fpot with refped to lati- 
tude, the heat diminifltes nearly one degree of Fahren. for 
every 200 feet of elevation, according to Dr. Black. 
Other writers find rcafons to aflert, that the diminution of 
one degree takes place at every 299 feet of elevation. 

From the ftatement of all tbe above particulars the 
reader may form fome idea of the time and place when na- 
tural congelation may be cxpe&ed, and he will at the fame 
time be able to perceive that clofe to the furface of the 
earth, no great regularity can be expeded. On the conti- 
nent of Europe congelation formerly took place at a lower 
latitude than it docs at prefent, when natural congelation 
is feldom obferved lower than the latitude of 40°. In 
America congelation has been obferved at a much lower 
degree ; and it is remarkable that great degrees of heat, as 
well as great degrees of cold, are alternately experienced 
on the fame fpots of that continent. In the more northern 
parts of the world the degrets of cold arc very extraordi- 
nary. At Torncao, Reaumur’s Ipirit thermometer fell to 
minus 34 0 . In Siberia the Ipirit thermometer has been 
known to defeend as low as minus 121°. Even at the 
Glafgow obfervatory in the year *780, the mercury of 
the thermometer expofed to the ambient air was found to 
Hand at minus 14 0 . 

The altitude on the tides of mountains, at which conftant 
congelation takes place, feems to be lefs fluctuating, though 
not accurately afeertained. This altitude varies with the 
latitude ; but even in the torrid zone perpetual congelation 
has been obferved (according to Bouguer and others) at the 
altitude of about 15600 feet. This altitude, at which the 
congelation is conftant, or where water ctafes to be a fluid* 
and beyond which vilible vapour dors not feem to afeend, is 
called the upper line of congelation. The lower line of eongela - 
tion is where it freezes at night only. The upper line of 
congelation, within the tropics, has been obfcrv:d at the al- 
titude of 1 j6oo. Near the tropics on the fi les of the tem- 
perate zones, it lies at the height of about 13428 feet. On 
the ifland of Teneriffe, in lat. 28° N , it lies at the altitude of 
about icooo feet. In Auvergne, lat. 45"* N., the line of con- 
gelation is at the altitude of 6740 feet. In latitude between 
i° and 54° N. it feems to be at the altitude of about 5800. 
n latitude 8o° north, lord Mulgrave found the line of 
congelation at the altitude of about 120c feet above the level 
of tne fea ; whence, if the progreffion continues uniformly, 
as general Roy obferves, we may conclude that the furface 
of the earth, at the pole itfelf,i$ forever covered with conge- 
lation. Mr. Kirwan, however, places the upper Hue of con- 
gelation confidently higher. See his paper on the varia- 
tions of the atmofphere, in the 8th vol. of (he Xrauf. of the 
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Rojral Irifh Academy, He reckon* the altitude of the-line 
of congelation from o°to io® of north latitude, at about 
*7700 feet j from io° to it® at about 26400 feet ; from 15* 
to ao®, at about 25200 feet i from 20° to 25°, at about 
24000 "feet j from 25® to 30®, at abput 22000 feet ; from 
30° to 35°, at about aoooo feet } from 35° to 40°, at about 
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17000 feet } from 40® to 45®, at about ijooo feet ; from 
45® to jo, at about 12500 fleet; and for everyone of the 
other degree* of latitude, at the altitude! which are annexed 
0 them iu the following table. Thefe refulti, however, he 
deduced by computation from a few ascertained particular!. 


Ocgiees uJ 

N. lar. 

Altitude ut 
the line of 
congeUtijR* 

Degrees of 
N. Ut. 

Altitude ol 
the line of 
congelation. 

5 *° 

xo r 24 

7 '° 

4354 

52 

8965 

7 * 

4*95 

53 

7806 

73 

4 *d <5 

54 

6647 

74 

4*77 

55 

j6i 7 

75 

4 n 9 

5 <> 

5533 

76 

4067 

57 

5439 

77 

4=>*5 

5 3 

5343 

78 

3963 

59 

5 * 5 * 

79 

39 ** 

60 

5148 

80 

3861 

61 

5068 

81 

3815 

61 

4989 

82 

3769 

63 

4910 

83 

37*3 

64 

4831 

84 

3 6 77 

6 S 

475 * 

85 

3631 

66 

4684 

86 

359 * 

S 

46(6 

87 

3553 

68 

4548 

88 

35*4 

69 

4480 

89 

3475 

70 

44*3 

90 

343 * 
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COOLING is the progreflive decreafe of temperature 
from a higher to a lower degree. From the highclt degree 
of heat, which human induitry has been able to obtain by 
means of combuAion, or by concentrating the folar rays, to 
the lowed degree of it, which both natural and artificial me* 
thods have produced, the fcale is very confidcrable ; and 
different parts of it have obtained diverfe denominations, 
which are derived from the mod itriking phenomena that 
take place at particular points of the fcale ; thus we hear of 
porcelain heat, white heat, red heat, boiling heat, temperate, 
freezing, &c, and all theie tranfitione from the firft to the 
lad, fall under the denomination of cooling ; whereas the con- 
trary tranfition from the lowed to the higheft, is called 
heating. In order to preferve perfpicuity, and to affign to 
each of the received denominations, the particulars which be- 
long more immediately to it, we have divided the fubjed into 
three articles, under the words congelation, cooling, and freez- 
ing. Under the firft we have dated the phenomena of natu- 
ral congelation ; the lad contains whatever relates to artificial 
freezing, viz. to the produftion of cold below 3 2° of Fah- 
renheit's fcale ; and under the prefent, we fhail principally 
date all the methods and the effeds of cooling from the ac- 
tual temperature of the atmofphere to a lower degree ; but 
not below tliat of melting ice, viz. 32°, which is com- 
monly called the freezing point. 

The temperature of the atmofphere in the hotted cli- 
mates, has hardly ever been known to exceed 1 30°, and it is 


but feldom that it reaches that mod oppreffive degree of 
heat. In the human fpecies, nature has made ample provi- 
Don, and has furnilhed them with induitry fufficient for coun- 
teradting the efi'e&s of a very high or a very low tempera- 
ture ; but without any artificial alutUnce, few arc the degree* 
of heat in which human beings can live with perfect comfort. 
Making fome allowance for the natives of different climates, 
the whole range temperature may be hid to reach from 
the 60th to the 70th degree of Fahrenheit’s fealr. Below 
6o° malt pet Ions have no objection to a gentle fire in their 
apartments ; and above 70° they generally complain of heat. 
Yet when the natural temperature of the atmofphere is above 
50°, coaled liquors are generally preferred for drink; but 
when the temperature ia above 70° ; then not only cooled 
liquors, but cool apartments alfo, are articles of grcatluxur) 5 
and (it may in great meafure be faid) of nectility. The 
languor which is commonly induced by beat, is in great 
meafure relieved by artificial cooling. Patients affc&cd with 
fevers of the intermittent and putrid kinds, which are fo very 
common and dellruftive in hot climates, receive great bene- 
fit from the ufe of cooled liquors, aud fuch are plentifully 
adminidcred to them, whenever they can be obtained. The 
prefervation. likewife, of meats, fruit, butter, See. in warm 
climates, or in the hot feafon, ia confiderably affilled by cool- 
ing ; and it may be extended to a very remarkable long pe- 
riod by a&ual freezing. 

In order to anfwer all thefe purpofes, mankind baa, from 
time immemorial, endeavoured to difcover and to apply me- 
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tkod* of cooling* or of refrigeration, Thefe methods, aa far fails, like a windmill, conftantly ventilated the infide of that 
as they are at prefenr known* may be comprifed under the prifon ; and this machine remained in ufc until the rebuild* 
following heads; viz . iff, the application of fomething na- ing of that prifon upon a better plan rendered it fuperfluous* 
torally colder than the a&ual temperature of theatmofphere ; See V entilator. 

adly, ventilation 5 3dly, evaporation 5 and 4thly, the folution Hitherto we have fuppofed, that the air is colder than 
? Crta * n fubftances. Sometimes two or three of the human beings who are expoled to it ; but (hould the 

thefe means are applied at the fame time, to the article contrary be the cafe, then ventilation will produce a different 
which ie required to be cooled. In every country of Europe, cffcdl ; viz . it will heat, inffead of cooling, as may be cafily 
and efpecially in the fouthern part of it, ice is coliefted dur- conceived by coufidering what has been faid above. And 
ing the winter, in proper places, and is ufed for cooling fuch is the cafe with the hot winds, which fome times blow 
liquors, &c. in the fummer fcafou, or throughout the whole in Arabia, Africa, India, and other places, 
year. ^ And this Undoubtedly is the mod eafy, the moll One of the mod ufeful and efficacious modes of cooling, 
exteniive, and the mod efft&ual method of cooling, efpecially in thefe countries where it may be moftly wanted. 
A little ice taken out of the icc-houfc, and placed round is performed by means of evaporation. The pripc ; ple upoa 
a bottle of water or wine, in any convenient v.fftl, foon which the cooling power of evaporation depends, is, that 
cools it to the defired degree ; and if the effe& is to be whenever a body u expanded, viz . its volume is increafed, 
increafed, fo as to freeze creams, fruit, See, by breaking its capacity for containing heat is increafed at the fame time ; 
the ice into fmall pieces, and mixing common fait with hence the expanding body abforbs the h**at of the furrouud* 
it, the defired end will be obtained. The icc-houfc itfelf ing bodies, which, of courfe, are cooled by it. — A fhort ex- 
is of very effential ufe lor prtfervmg meat, fifli, butter, perimental illuftration of this theory will tafily explain the 
fruit, See. which things need oniy be laid in it, until they effect we are treating of. Take three common me/curial 
are wanted. thermometers ; keep one in its natural flate ; place the fecond 

When ice cannot be eafily procured, well water forms a in a bottle of water, and dofe its aperture ; wrap fome cot* 
ufeful fubftitute to a certain degree. When the depth of ton moiftened with water round the bulb of the third ; then 
the well is 40 or 50 feet, or upwards, the conftant tempera- eXpofe all the three thermometers thus prepared to the am- 
ture of its water is very nearly equal to the mean tempera- blent air, efpecially when the wind blows in the fummer 
ture of the country, which, of courie, is lower than the ufnal feafon ; and after a few minutes obferve their progrefs. It 
temperature of the fummer feafon in that country 5 hence, will be found that the naked thermometer, and that which 
if a' pail of water be drawn, and a bottle of wine, or other Hands in the bottle, indicate the fame degree of temperature y 
liquor, be immediately placed in it ; aconfiderablc refrigtra- but the third thermometer, which is wrapped in moiftened 
tion may be obtained, and it may be maintaintd by drawing cotton, will he found to indicate a temptrature lower by a 
frefh water at intervals trom the well, &c. Thus in London few degrees, than the former. The effeft in this experiment 
the mean temperature is about $o°, and fo is the temperature is produced by the evaporation of the water from the cotton, 
of pretty deep wells throughout the year. Now in the and not from the water as water ; for if that we re the cafe, 
fummer feafon, the temperature frequently rifrs above 65°, or the thermometer in the bottle of water would likcwife be 
70° ; therefore, at thofe times, by applying fivfh drawn well- cooled like the one involved in moiftened cotton. Evapora- 
water, the liquors we dink may be cooled about 15 or 20 tion b the conversion of water into iieam, or vapour; and 
degrees, which will render them incomparably more plcafant. the bulk of It cam has been found to be many hundred tim<*a 
When articles of food are required to be ktpt fome time larger than t lie bulk of the water from which it originated, 
longer than the heat of the weather would allow, they may Now in that expanded ftate, ftcam is capable of holding a- 
be placed in a bafket at the end of a rope, rnd may be let vaft deal inoic ot the element of heat, than in its form of 
down into the well, until they come within a foot or two of water, and ihar without manifefting any higher degree of 
the water. For the like pnrpofes, pretty deep pits, caves, temperature. Or, in other words, if a thermometer be 
or grottos may be uftd ; fince their temptrature is nearly placed in a bottle full of vapour of water, and another ther- 
cqual to the mean temperature of the country, and fullers monuter be placed in the water from which that vapour was- 
little or no variation between winter and fummer. •* juft produced, their temperatures will be found to be nearly 

Ventilation is nothing, more than a conftant change of air ; the lame ; yet the vapour contains a vaft deal more of the 
but if the air which has juft paffed by a body, and that wit ch element of heat than an 1 qua! weight of water, which quan- 
fuccetds it are all of the fame temperature, no cooling w ill tity of heat is cffentially iieccfinry for maintaining its eluflic 
be produced by the ventilation ; but the refrigeration will or vapouroua exigence ; and this is proved by obfrrviuir, 
take place, when the body is hotter than the air which pafics that vapour cannot be converted into water without depolk- 
by it, or when an increafe of evaporation enfues. Expofe ing its heat upon (ami of courfe elevating the tempeiature 
a thermometer to the open air, but fhtlter it from the wind, of) the furroiitiding bodies ; and on the other hand, that 
and when the thermometer is become ftationary, let the wind water cannot be converted into vapour, without ubforbirg 
fall upon it ; and it will be found that the quickfilver is not heat from (and consequently cooling) the furrounding bo- 
lowercd in it. But when a human being, or other animal dies. Mr. Watt of Birmingham fays, that he has obferved 
ie expofed to ventilation, the quick tranfithn of a.r cools it ; as exa& a coincidence between the heat rendered latent in 
fitft, becaufe it continually removes the air w'hich has been the vapour, and that which emerges from it, as can be de* 
heated by the contact of the animal body, the breath, &c. y fired ; and that the heat obtainable from ftcam, capable of 
and fecondly, bccaufe the evaporation from the body is in- fuflaining the ordinary preffure of the atmofphere, is not lefa. 
creafedbythe ventilation. So that, upon the whole, the than^o 0 ; and that it does not exceed 950° of Fahren- 
ufe of ventilation, fuch as is effe&ed by means of fans, bel- heit’s feale. 

lows, a particular difpofition of apartments, and other ma- The cooling aftion of evaporation is countered by the 
chines, is to Temove heated or vitiated air from the vicinity influx of heat from the fuirounding bodies, fi net heat al* 
of human beings, from clofe habitations, prifons, {hips, See. ways tends to equalize the temperature of contiguous bo* 
The ingenious Dr. Hales fixed a machine of this fort in the dies. Thus in the above defcribed experiment, the heat o£' 
old Newgate prifon # which, being .put in aftion by means of the furroundirig air tends to elevate the temperature of the 
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thermometer, at the fame time that the evaporation from 
the cotton tends to lower it. And according as the one or 
the other of thefe oppefite a£lions predominates, fo the 
cooling effect is more or lefs confpicuous. From there ob- 
fervationa it naturally follows, that the cooling, occasioned 
by evaporation, is greater when the evaporation is quicker, 
and contrary wife ; alfo, that when different fluids are ufed 
for the evaporation, in limilar circumftances, that fluid 
which evaporates quickcft, produces the greateft refrigera- 
tion. Mr. Cavailo fays, “ m order to try the degree o? re- 
frigeration produced by the evaporation of different fluids, 
I held up a naked thermometer, (viz, a thermometer, the 
bulb of which was not in contact with the metal of the 
icalrj and poured upon its bulb a ft ream of fome particular 
fluid, which iffued out of the capillary aperture of a tube ; 
taking care to throw juft fluid enough to fupply the wafte by 
evaporation. By this means, when the temperature of the 
air was 64°, I found that the evaporation of water cooled 
the thermometer 8° ; viz . brought it down to 56° 5 the 
evaporation of fpirit of tfine cooled it i6 a j viz. brought 
it down to 48°; and the evaporation of ether cooled it 54 0 ; 
viz. brought it down to io°. But, by the ufe of the bell 
purified fulphuric ether, when the temperature of the air 
was about 56°, I brought the thermometer down to J°. 
The cooling produced by the evaporation of other fluids 
needs not be mentioned ; their efftft being generally inter- 
mediate between the efftd of water, and that of lpirit of 
wine.” (Phil. Tranf. vol. lxxi.) Whatever promotes the 
evaporation, fuch as a dry air, and efpecially^ dry wind, 
tends to incrcafe the refrigeration} and when all the fa- 
vourable circumftances concur, the effc& is prodigious ; fo 
that in. a dry, warm, and fcrifk wind, by means of the eva- 
poration of the beft fulphuric ether, the temperature of 
any kind of bodies may be lowered many degrees below 
the freezing point ; and animals might be eafily frozen to 
death. 

Though feveral of the above-mentioned particulars, and 
efpecially the caufes upon which they depend, have been 
but lately inveftigated and afeertained ; yet the cooling ef- 
fe& of evaporation has been known and ufed by mankind 
from time immemorial* Alheneus fays, as being related 
by Protagoridea of Cyzicutn, that in the time of king Anti- 
ochus, it was ufual to cool water by evaporation, and to 
drink it as a luxury. A very eafy and familiar experiment 
to (hew the eftedt of evaporation, may be performed in the 
following manner. Moiften a fmaH (pace on the upper 
part of each hand ; cover one of thole places with an in- 
verted wine glafs, and let a perfon blow with a pair of bel- 
lows upon the other hand. The latter will be fenfibly 
cooled, but not the former. Change the glafs and the 
blowing, from one hand to the other, and the effr&s will 
bereverfed. Seamen, efpecially in the nighttime, frequent- 
ly employ this natural effed for difcovering which way 
the wind blows. They moiften a finger of their hands by 
putting it in their mouth ; then expofc it to the ambient air 
by elevating it above their head ; and juftiy conclude that 
the wind blows from that quarter which is oppofed to the 
moll cooled fide of the finger. 

In warm climates, where the drynefs of the air gene- 
rally is Very great, the refrigeration ariftng from evapora- 
tion is very coafiderable, and is of courfe frequently em- 
ployed for counteracting the natural heat. The caravans 
which traverfe the parched deferts of Arabia, are obliged 
to carry their fuoply of water in earthen jars upon camels ; 
but in order to (seep it pleafantly cool, the jars are involved 
in cloths, which they take care to keep continually moiften. 
ed with water. It is a pretty common practice in the 
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fouthern parts of Europe, is well as in the E&ft and Weft 
Indies, in America, See . to wrap up a bottle of wine, or 
water, or other liquor, in a wet cloth, and thus to fufnend 
it in a fhady place, cither under a tree or in a paffage, to as 
to expofe it to the brilkeft current of air that can be ob- 
tained ; for by this means the liquor will be cooled feveral 
degrees ; care, however, mult be had to fprinkle more wa- 
ter upon the cloth, which furrounds the bottle, in proportion 
as the former evaporates. Mr. Walker, of Oxford, deferibes 
a peculiar method of producing a very confiderable degree of 
cold by means of evaporation. u Having,'* he fays, “ in 
the courfe of the preceding winter, frequently fupceeded in 
producing ice, by the cold produced from evaporation with 
water, when the temperature of the air was 38* ; it occurred 
to me, that it might be podible to freeze water in the mid- 
dle of fummer, by a procefs which depended on this prin- 
ciple, by the ufe of water only. Accordingly, I procured a 
tall cylindrical veffel, holding about two gallons, in which 
is fixed a fmall fpiral tube, as in the worm-tub of a common 
ftill ; the lower end of this tube comes out through the vef- 
fel near the bottom, fufticient to conne£t the nolle of a pair 
of bellows to it, by the intervention of a bladder, fccured 
air-tight ; this fpiral tube ends at the top of the cylindrical 
veffel, where it is fomewhat enlarged, like the mouth of a 
funnel. This veffel, being covered with flannel, was filled 
with water and hung out m a brifk flry wind, the tempera- 
ture of the air being jo° ; after fome time, by repeatedly 
wetting the flannel on the outfide of the veffel, I found the 
water within was cooled to 40° ; air being then forced 
through the tube (by means of the bellows), furrounded by 
the cooled water, came out at the upper extremity of the 
tube at nearly the fame temperature. 

44 A thermometer having its bulb covered with lint, and 
wetted repeatedly with the cold water iu the veffel, placed fo 
as to receive the draught of cold air from the tube, foon 
funk to 34 0 5 hence by a feries of two or three of thefe 
veffels, water might, upon this principle, be frozen at mid- 
fummer, recolleAing that this experiment may always com* 
mence at 50°, the ufual temperature of fprings 5 and hence 
it might be poftible upon the fame principle, to caufc na- 
ture upon a fmall fcale, even without the immediate inter- 
pofition of art, to depart from her ufual courfe, and to af- 
fume the hoary garb of winter at roidfummer. 

44 For this pnrpofe a current from the external air might 
be admitted into the tube, by means of a funnel, commu- 
nicating with, and receiving, a conftant draught of air. 

44 In an attempt of this kind, it would be neceffary (be- 
fides fome other variation in the veffels, which circumftances 
might point out,) that the cylindrical veffels be porous, or 
ierced with fmall holes ; fo that the water may be con- 
antjy and gently oozing out.” 

In Spain, in Italy, in Egypt, and probably in other 
places, certaiii veffels are made of a porous earth, which, 
when full of water, will juft permit fome of that fluid to 
ooze out on their external l'urface, whence it evaporates, and 
thus cools the remainder of the liquor within the veffel. 
The Spani/h veffels for this purpofe con fill of a reddiflt 
brown earth. They are pretty broad, but not very capa- 
cious. In Italy they have been made of a pale yellowifti 
material, but much larger. In Egypt they are made fome- 
what in the (hape of a Florence flafle, and not much bigger; 
but their aperture fpreads out in the form of a cone, or ra- 
ther of an ale glafs, which is done for the conveoiency of 
drinking out of it. Their fubftance is of the colour of 
allies, and it is faid to be a feum left on the banks of rivers. 
But veffels of any degree of porofity may be made by 
mixing fand and clay in various proportions. 
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The ufc of theft veflels in Spain! in Italy, and efpecially 
in Egypt, is attended with a notable degree of refrigeration, 
On account of the great drynefs of the air in thofe cli- 
mates, which enables it to abforb a great deal of moifture in 
a (hort time 5 but the fame veflels having been brought over, 
and having been tried, in this country, have been found to 
cool the contained liquor in a very trifling degree ; evidently 
owing to the Hate of the air in this country, which is much 
left hot, and much lefs dry than in the above-mentioned 
places ; therefore much lefs apt to promote evaporation. 
One of the Egyptian veflels was tried in London at a time 
when the temperature of theatmofphere was at a mean, and 
after about half an hour, when aimoft three quarters of the 
water had pafTed through it, and had dropped down, the 
remaining quantity of water was found barely 3 0 colder than 
the furrounding air. 

It is but lately that liquor coolers have been manulaftnred 
in this country, and they are at prefent te be found in mod 
of the earthenware (hops in and about London. Thtfc arc 
cylindrical veflels, about fix inches in diameter, and about a 
foot high. It 'is dire&ed to ketp one of thefe veflMs en- 
tirely immerged in water during one hour. Tne voffd, be- 
ing then removed, in that moift date, without putting any 
water in it, a bottle of wine, &c. mud be placed in it, and 
this is faid to be cooled by the evaporation of that quantity 
of water, which the fubdance of the veil'd had imbibed 
whild it remained under water. Upon trial, however, it ap- 
pears that the a&ual refrigeration which is obtained by means 
of one of thefe veflels, feldom amounts to two or three de- 
grees ; and that, of courfe, a bottle of wine may be cooled 
much more effctiiially by placing it into a pail of water frcfli 
drawn from a pretty deep well or pump ; which may be 
renewed at intervals. Indeed, confliering the form of theft 
coolers, alio that the (ides of it are at a confiderable 
dittance from the furface of the bottle, and the am- 
bient air has a free accefs to both, it 13 hardly to be ex- 
pe&ed that any feniibie advantage fhould be obtained from 
them. 

In India the a&ion of evaporation is ufed not only for 
cooling liquors, but likewife for cooling apartments, and the 
effed, by the tcllimony of thofe perfons who have experi- 
enced it, is faid to be very remarkable. The method, 
(which, however, is pra&icable only when a dry wind 
blows,) is as follows. That door of the apartment which 
is oppoftd to the wiud, and through which the wind enters, 
is ‘flopped up with a peculiar fort of fereen or curtain, 
which fits it exadly. This fereen coniilh of two furfacea 
or gratings of bamboo, iituated parallel to each other, and 
about three or four inches apart 5 then the fpace between 
theft external furfacea is filled up in a ioofe manner with the 
roots of a fweet-feentei grafs. In (hort the conflrudion of 
this fereen is calculated to admit the air not in a body, but 
divided through a vaft number of paffages. Two men are 
placed on the outfide, each having a goat’s (kin filled with 
water, which they keep continually fprinxling upon the fereen. 
A conftant and copious evaporation is of courfe kept up, 
which prefeutly cools the adjoining room to a very remark- 
able degree* By this means the temperature of the room 
has fometimes been lowered upwards of 1 j°. 

Amongfl thofe cooling procefles which depend upon the 
expanlion of bodies, that which arifesfrom theexpanfion of 
air mult not be forgotten ; but as this is by no means very 
practicable, we (hall barely mention it in this place. The 
condenfation and expanfion of air produce the cffc&s which 
have been mentioned above ; viz* the former is attended 
with an extrication of beat, and the latter with an abforp- 
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tion of it; hence the contiguous bodies are heated by the for- 
mer, and arc cooled by the latter. When air is fuddenly con- 
densed, (fee Condenser, and Condensation,) the heat 
which is extricated from it, has been found capable of fttting 
fire to light combuftible bodies; and when the air is rarefied 
either by means of an air-pump, or by liberating it from a 
veffcl, in which it has been condenfed ; the cold it produces 
has fometimes been found to lower the thermometer feveral 
degrees bdow the freezing point. 

The lai method of cooling which remains to be c!e« 
fcribtd, is obtained by the folution of filts. That certa«:i 
faline fubftances, whiift diflblving in water, or in acids, 
would generate a confiderable degree of refrigeration, and 
efpecially that the folution of fait ammoniac would lower 
the* thermometer down to the freezing point, has been 
long known ; but, within theft 15 or 20 years, the fubje& 
has received wonderful improvements, in confequence of 
the experiments iufti tuted by various ingenious perfons; 
and efpecially from the afliduous invettigations, and fuccefs- 
ful experiments of Mr. Walker of Oxford, who has ex- 
amined the cooling powers of a vaft number of daline fub- 
itances both fingle and mixed ; and has been able to freeze 
quickfilvcr at Oxford in the middle of fumn;cr, merely by 
the folution of falts. His interfiling experiments, and his 
various freezing mixtures, will be found deferibed under the 
article Freezing. 

A vaft number of falts and (aline mixtures may be 
uftd for cooling liquors ; but the moft advantageous are 
thofe which, after folution, may be recovered by means of 
evaporation, fo as to render them uftful for a fecond refri. 
geration, a third, and fo forth. Yet the price of moft of 
thofe falts in Europe, the trouble of recovering them from 
the folution, and pounding them in order to render them fir 
for another cooling operation, have not rendered this method 
common in this part of the world ; efpecially where other 
eafier methods arc pra&icablc. So that in fad the cooling 
power of faline folutions b mollly ufed for particular ex- 
periments by the European philofophera, efpecially when a 
very powerful freez.ng mixture is required. In India, 
where nitre is very cheap, and the heat of the climate 
prompts the inhabitants eagerly to adopt every pofiihle me- 
thod of cooling, the pradicc of cooling liquors, by means 
of the folution of nitre in water, is very common. For 
this purpofe, the wine, the water, or any other liquor, 1* 
put into a metallic bottle, generally a pewter one, having, 
a pretty long neck. A tub is partly filled with water, and 
a quantity of nitre is thrown in it; then the operator holds the 
bottle by th upper end of its long neck, and gently moves 
it about the faline folution, and thus cools the liquor in it 
to a very confiderablc degree. As falts will produce cold 
only during their folution, therefore when the firft quantity 
of nitre has been thoroughly diflolved in the above procefs, 
more nitre muft be added ; and when the water is com- 
pletely faturated, fo as not to be capable of diflblving more 
fait, then the bottle muft be removed to another tub with 
a fre(h faline mixture. The nitre might afterwards be eafily 
recovered merely by expofing the folution, in (hallow pans, 
to the hot rays of the fun m that country ; this economic 
cal plan, however, does not as yet feem to have been 
adopted. 

The falts which might be ufed for the purpofe of cool- 
ing liquors in this country, or in long voyages, are nitre 
and fait ammoniac ; the other faline fubftances being either 
more expenfive or not eafily recoverable after folution. Of 
the cffc&s of nitre atone' in water enough may be derived 
from the above deferibed proccfs. Salt ammoniac by itftlf 
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gradually added to a quantity of water, will occafion a 
confiderable refrigeration, fo that a bottle of wine, kc . plac- 
ed in the folution maybe cooled even to 32 0 of Fahrenheit's 
feale. But a nurture of both falts is much more effica- 
cious, and the beft proportion is five parts of nitre, five 
of fait ammoniac, and 16 of water. During the folution, 
which will continue a confiderable time, this mixture will 
cool the thermometer feveral degrees below the freezing 
point ; but it mull not be imagined that a fmail quantity 
of the fame will cool a bottle of wine to an equal degree. 
The folution of a given quantity of the mixture abforb3 a 
certain quantity of heat, and this quantity abftra&cd from 
the final! body of the thermometer, will lower its tempera- 
ture confiderably ; but the fame quantity of heat abftraA- 
ed from a bottle of wine, will cool it proportionably lefs 
than the thermometer. In order to cool a bottle of wine 
from the ufual temperature of fpring waters (which in 
London is about 50* or 5 x°) down to about 32 0 j & pound 
of nitre with a pound of fait ammoniac, and a proportion- 
ate quantity of water, will generally fufficc, Tne falts 
for this purpofe mull be finely powdered and as dry as pof- 
fible. but when a moderate refrigeration is required ; 
half a pound of each fait and about three pints of water 
will be fufficient. 

Glauber fait, (viz, fulphate of foda) diflolved in water, 
likewife produces a very confiderable refrigeration 5 but 
this fait will not produce that effe£l unlefs it be in its cryf- 
tallizcd date. In that date, however, it is not eafily pre- 
served, fince the mere conta£l of air will render it powdery 
and opaque, in which cafe its folution will generate heat 
rather than cold. On this account, therefore, this fait is 
not fo much to be recommended, as thofe which have been 
already mentioned. Nearly the fame obfervations are ap- 
plicable to the muriate of lime, the folution of which la- 
line fubdance, when properly conducted, has a very pow- 
erful cooling property. 

Thus we have deferibed all the pra&icablc procefles of 
cooling, which, if not in this country, are undoubtedly of 
great confequence among ft the inhabitants of warmer cli- 
mates. We have, likewife, dated the moll neceflary par- 
ticulars refpefting the quantity of materials proportionate 
•So the effect, whence the intelligent reader may be enabled 
to make proper choice of a procefs fit for his purpofe, 
agreeably to the circumftances which the nature of the 
place, the actual temperature of the atmofphere, and other 
particulars, may offer. 

There are now two other particulars belonging to the 
prefent article which deferve to be briefly mentioned. 
The firft is that by cooling, certain bodies acquire ele&ri- 
cal properties ; and the fecond is that the law of cooling, 
or progrefs of refrigeration, furnifhes a method of meafur- 
ing fuch high degrees of heat, as exceed the feale of ordi- 
aary thermometers. 

With refpefl. to the firft, it has been obferved that fulphur, 
in cooling after having been melted, becomes eleArified, fo 
as to attrad and repel fmail light bodies like any other 
excited eledric. The fame thing alfo takes place with 
wax, chocolate, and a few other fubftanccs. Befides this 
effeft of cooling after fufion, there are certain folids, like 
the tourmalin, the Brazilian emerald, kc, which are ren- 
dered eleftrical by any alteration of their temperature, be it 
from cold to heat, or from heat to cold ; but for a full 
and particular account of thofe fafts, which properly be- 
long to the fcience of elcAricity, fee the articles Ecectri- 
£ity| Electrics, and Excitation. 
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The method of determining high degrees of heat,, front 
the progrefs of cooling, depends upon the following obser- 
vation. Sir Ifaac Newton, confidering the progrefs of cool- 
ing, was led to fuppofe, that the neat loft by any body 
originally at a high temperature, in equal fmail portions of 
time, is as the neat exifting in its (reckoning the heat 
in the body, equal to its excefs above that of the furround- 
ing atmofphere,) that is, taking the times in arithmeti- 
cal progreflion. The portions of heat loft in thofe times 
would be in a geometrical one. The truth of this fuppofi- 
tion has been iufficiently (hewn by fubfequent experiments, 
the refult of which has not differed much from the theo- 
retical determinations. Hence we have the following prac- 
tical rule for determining the high temperature to which a 
body has been expofed, from its fubfequent progrefs of 
cooling. 

Meafure the time in minutes that elapfes from the hotted 
date of the body (which is the degree fought,) to fuch 
a date of lower temperature as will allow the application 
of a common thermometer to the body in queuion, and 
call this number of degrees A $ then having applied the 
thermometer, fet down the temperature, which is indicated 
by the fame, at the expiration of each fucceflive minute, 
until you have obtained three or four terms of the feries, 
which, as has been faid above, will be fpund to be a geo- 
metrical one (omitting, however, trifling differences.) Now, 
fince from thofe few terms it is ealy to determine any 
other terms of the fame feries, by the well known arith- 
metical rules ; find fo many terms of the feriea afeending, 
as are equal to the number of units in A ; and the laft 
term of the feries, thus found, will be the degree of tem- 
perature of the body in its hotted date. An example will 
eafily illuftrate the application of this rule. Suppofe it be 
required to determine the temperature of a piece of red-hot 
iron at the time that it came out of the forge. Look at 
the watch the moment the iron is taken out of the fire, 
and note the minute. Find by trials when the thermometer 
may be fafely applied to the iron, viz . when the heat is 
not fufficient to rarefy the mercury of the thermometer 
beyond the limit of its feale, and when this is practicable, 
obferve.the temperature of the iron, and the correfponding 
time as indicated by the watch. Suppofe, for indance, that 
when the temperature of the iron was 250°, four minutes 
had elapfed fince the commencement of the obfervation ; 
therefore in this experiment A is equal to 4. Let the 
thermometer continue in contaft with the iron, and when 
one minute more has elapfed, let the temperature be 125 0 . 
When another minute has elapfed, let the temperature be 
6 i\ degrees ; and after this, the obfervation needs not 
be continued. Now we have three fucctdive terms of a 
geometrical feries; viz ♦ 62^, 125, and 250; from 

which four more terms of the feries are to be found, 
(fince A was found equal to 4,) and the laft of thofe 
terms is the number of degrees indicating the tempera- 
ture fought. By dividing 250 by 125, or the latter by 
62 we have the quotient 2, (or nearly 2) which is the 
multiplier of the feries, and therefore multiplying 250 by 
2, we have the term 500, which multiplied by 2, gives 
the next term 2000, which multiplied by 2, gives 
2000 5 and laftly this term multipled by 2, gives the fourth 
term 4000 ; hence we conclude, that when the iron was 
taken out of the furnace, its temperature was 4000 de- 
grees. The laft term of the feries may be found 
out by other means, but we have chofen the eafieft, 
for the *convcmency of all readers. The two feries. are 
annexed. 
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Time elapfed in minutes. Correfponding heat. 


0. 

4000°. 

I. 

2000. 

2. 

1000. 

3* 

500. 

4- 

250. 

5* 

125. 

6. 

62 §. 


Inflead of minute^ the intervals of time may be half 
minutes, or hours, or, in fliort, of any other denomination ; 
provided they be all equal. 

Cooling of liquors * in Domejllc Economy , is a praftice of 
ancient origin, and of general prevalence in warm countries, 
and, during the heat of fummer, even in colder climates. 
This pra&ice, as fome have thought, is referred to by Solo- 
mon, in the book of Proverbs (ch. xxv. 13.) ; but however 
this be, evidences of it are very numerous in the works of 
the Greeks and Romans. Ice and fnow were generally 
ufed lor this purpofe, and repofitories were conftrudrd for 
keeping thefe cooling materials. That the fnow was pre- 
ferved in pits or trmches is afferted by many ; particu- 
larly by Seneca (Quasft. Natur. iv. 13 ) and Pliny 
(H. N. 1. xix. 4.) When Alexander tht Gren befieged 
the city of Petra, he caufcd thirty trenches to be dug, 
and filled with fnow, which wan covered with oak- 
b ranches, and which was kept in that manner for a long 
time (Athemei Reipnos. iii. p. 124.) Plutarch fays 
( Sympos. vi. Qj tell. fi.), that a covering of chaff and coarfe 
cloth is fufRcieut ; and a like method is now pradlifcd in 
Portugal. Where the fnow has been collected in a deep 
gulph, fome grafs or grccu fods, cohered with dung from 
the fhetp-pens, are thrown over it ; and under thefe it is fo 
well preftrved, that it is fent through the whole fummer for 
the diflance of 60 Spanifli miles to Lifbon. When the an* 
cicnts wifhed to have cooling liquors, they either drank the 
trielled fnow, or put fome of it in their wine, or they placed 
jars filled with wine in the fnow, and fuffmd it to cool there 
as long as they thought proper. The diffipated and luxu- 
riouB Heliogabalus caufcd whole mounts of fnow to be 
heaped up in fummer to cool the air (Lamprid. Vit. Helio* 
gab, c. 23.) That ice was alfo prefcrvtd for the like pur* 
pofe is probable from the teilimony of various authors, 
rliny, Seneca, &c. $ but it appears not to have been ufed 
fo much in warm countries as in the northern. At prefent 
fnow is employed in Italy, Spain, Portugal ; but in Perfia, 
ice. The art of cooling water without fnow or ice was 
foon fuggefted to mankind, by obferving, that it became 
cold more fpeedily when it had been previoufly boiled, or at 
lead warmed, and then put in a vcfiel among fnow, or in a 
place much expofed to the air. Pliny (H. N. 1. xxxi. 3. 
23.) feems to aferibe this to the invention of Nero ; and a 
jocular exprelBon of Suetonius (Vit. Ner/c. 48.) renders it 
probable, that he was foud of water thus cooled. But this 
method was much more ancient than Nero 5 for it feems to 
have been known to Hippocrates (De Morb. Vulgar, lib. vi. 
4.) 5 and Ariftotle was acquainted with it ; for he fays 
(Metcorol. i. cap. 12.) that fome were accuftomed, when 
they wifhed water to become foon cold, to place it firft in 
the fun and fuffer it to become warm. He relates alfo,. 
that the filhermen near the Black Sea poured boiling water 
over the reeds, which they ufed in filhing on the ice, to caufe 
them to freeze fooner. See alfo Galen, in lib. vi. Hippocrat. 
de Morb. Vulg. Comment. 4, 10. Athenacus remarks (De- 
ipnos. iii.) that the pitchers filled with water, which had be- 
come warm by Handing through the whole day in the fun, 


were Kept continually wet during the night, by fervanta 
de dined to that office, and in the morning they were bound 
round with ftiaw. In the iffand Cimolus, water which had 
become warm in the day-time was put into earthtn jars, and 
depofited in a cool cellar, where it became as cold as fnow- 
From thefe fadts it appears to have been a genenj opinion, 
that water which had been warmed or boiled, was (boned 
cooled, and acquired a greater degret of refrigeration. The 
fame opinion prevails at prefent in the fouthern countries of 
Afia, and perfom, there let their w^ter boil before they cx- 
pofe it to the air to cool. The experiments, however, that 
have been made on this fnbjefi, have given different refults. 
Beckmann (ubi infra) inclines to the opinion, that the cool- 
ing of water in ancient times is not to be afcfihed fo much to 
the boiling as to the keeping of the jars continually wet, and 
to the air to which they were expofed. Sec Congelation 
and Freezing, and alfo the preceding article. 

Another method of cooling water feems to have been 
known to Plutarch. It confined in throwing into it fnoall 
pebbles or plates of lead (Sympof. vi. 5.) 

The practice of cooling liquors, at the tables of the great, 
was not ufual iu any country befides Italy and the neigh- 
bouring Hates, before the end of the 16th century. In the 
middle of that century, there were no ice-cellars in France. 
Towards the end of this century, under the reign of Henry 
III., the ufe of fnow muft have been well known at the 
French court, though it appears that it was confidcred by 
the people as a mark of excefiivc and effeminate luxury. 
Towards the end of the 17th century, this luxury mult have 
been very common in France. At that period there were 
many who dealt in fnow and ice ; and that was a free trade 
which every one might carry on : but foon after government 
farmed out a monopoly of cooling waters. 

The method of cooling liquors by placing them in water, 
in which falt-petrc has been diffolved, could not be known 
to the ancients, becaufe they were unacquainted with that 
fait. This property of fait* petit was fiiit difeovered in the 
firft half of the 16th century ; and it was not remarked till 
i long period afterwards that it belongs alfo to other falls. 
The Italians were the firft perfons by whom it was employed ; 
ind about the year 1530, all the water, as well as the wine, 
drunk at the tables of the gVeat and opulent families at 
Rome, >va9 cooled in this manner. Towards the end of 
the 16th century this method of cooling liquors ttas well 
known. Mr. Beckmann fays, that he cannot determine 
who firft conceived the idea of mixing fnpw or ice with fait-' 
petre, and other falts, which increafe the cold fo much, that 
a veffel filled with water, placed in that mixture, iscqngealed 
into a folid mafs of ice, that may be ufed on the table, but 
the earlieft account of it he has been able to find is in a work 
of Latinus Tancredus, a phyfician and profeffor at Naples, 
who, in his book, " De Fame et Siti,” publilhed in 1607, 
fpeaks of this experiment. In 1626 Sand. San&orius, in 
his Commentary on the Works of Avicenna, relates, that, in 
the prefence of many fpe&ators, he had converted wine into 
ice, not by a mixture of fnow and falt-petre, but of fnow 
and common fait. When the fait, he fays, was equal to a. 
third part of the fnow, the cold was three times as ttrong aa 
when fnow was ufed alone. Lord Bacon, who died in 1626, 
fays, that a new method had been found out of bringing 
fnow and ice to fuch a degree of cold, by means of fah*petre, 
as to make water freeze. This, he tells us, can be done 
alfo with common fait ; and he adds, that in warm coun- 
tries, where fnow was not to be found, people made ice with 
falt-petre alone ; but that he had never tried the experiment. 
Mr. jBoylc, who died in 1691, made experiments with various 
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kinds of fall ; and he dcfcribes, how, by means of fait, a 
piece of ice may be frozen to another folia body. Des Cartes 
fays, that, in his time, this was a well-known phenomenon, 
but highly worthy of attention. Since that period, the art 
of making ice has been mentioned m the writings of all phi- 
lo fop hers, where they treated on heat and cold. Towards 
the tnd of the 17th century, the French began to congeal 
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all kinds of well-tailed juices, which were ferved up as re* 
frefkments at the tablet of the great and wealthy* This 
was a grand invention for the art of cookery, and afterwards 
it became common, especially in the lift century, and fince 
that time the confectioners have univerfally pra&jfed it* 
Beckmann’s Hid. of Inventions, vol. ii. See Freezing 
and Ice. 
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COPAL. This valu’Me and lingular kind of rcfin it 
imported partly from South America, and partly from the 
Eaft Indies, and like moil of the other refins, is a natural 
exfudation from a large tree, which hardens in the air. 

The bed copal is a hard brittle refin, in rounded lumps of 
moderate fize, eafny reducible to fine powder, beautifully 
tran (parent, but often, like amber, containing partR of infe&s 
and other fmall extraneous bodies impa&ed in its fub- 
(lance. 

The colour of copal is a light lemon yellow, varying to 
orange ; but when diffolved and thinly fpread over any fur- 
face, the colour is fcarcely perceptible, and it only gives a 
fine hard, fmooth, tranfparent glazing. It is this union of 
hardnets and tranfparency, with want of colour, that renders 
copal fo valuable as a varnifh. 

Copal unqut ftionably belongs to the clafs of refins, but 
it differs from mod of thefe fubftances in the great difficulty 
with which it diffolvcs in alcohol and effeutiai oils, fo as to 
require great purity of thefe menrtrua and particular ma- 
nagement. 

The three menffrua ufually employed in varnifhing, are 
alcohol, oil of turpentine, or any other effential oil, and 
drying linfeed, or other fixed oil. Thefe are ufed fome* 
times feparatcly with the varnilh refins, but generally 
mixed. 

We fhall give fome of the proceffes by which copal may 
be diffolved in each of thefe fubfhnces. 

Alcohol fingly, which fo readily diffolvcs the other refins, 
has but little aftion on copal ; for if this refin in fine pow- 
der be digefted with the very pureft alcohol, with or with- 
out heat, fcarcely any of it is diffolved, and the copal coa* 
lefees at the bottom of the vcflelinto a tough cohefive imfg. 
But a folution may be cffcdled by the addition of camphor , 
the aftion of which, upon the refins, has been partly de- 
feribrd under that article. With none is it more ftriking 
than with copal. When the two are feparatcly powdered 
and mixed, the copal abforbs the camphor, fwells and fof- 
tens into a party mnfs, which will remain for months of the 
fame confidence, without hardening. To make an alcoho- 
lic folution of copal, diffolve half an ounce of camphor 
in a pint of highly re&ified alcohol; put it in a glafs veffel 
over a lamp, and add four ounces of copal in fmall pieces, 
and continue the heat jurt to that degree at which the bubbles 
may be counted, till the folution is compleat. Part of the 
copal feparates when cold, but moft of it remains in per- 
manent folution. 

It is neceffary firft to diffolve the camphor in the alco- 
hol ; for, if the party mafs anting from the mixture of co- 
pal and camphbr be added to alcohol, the folution will not 
go on. 

A mixture of maflich, elemi, and other refins, will 
bear a moderate quantity of copal, without being rendered 
infoluble in alcohol, even without the affiftance of cam* 
phor. 

To diffolve copal in the effential oils, Mr. Sheldrake has 
given the following procefs in the TranfaAions of the So- 
ciety of Arts. 

Ktduce two ounces of copal to coarft powder; put it 
into a glafs veffel, and pour thereon a pint of the very left 


oil of turpentine, with one eighth of fpirit of fai ammoniac, 
previoufiy well fhaken. Cork the glafs, leaving a pin-hole 
through the cork to allow of the efcape of vapour, and 
fpeedily heat it to that point at which the bubbles may be 
counted. Continue this till the folution is complete, taking 
care not to increafe the heat, otherwife the copal will coa- 
Jcfce at the bottom of the glafs, and the folution will not 
go on. The veffel Ihould not be opened till quite cold* 
This liquor is of a rich deep yellow when in quantify, 
but when applied as a varnifh, it is nearly colour- 
lefts. The fpirit ef fal ammoniac is not a neccffary ingre- 
dient. 

Mr. Tingry of Geneva (Painter's and Varniffer's Guide, 
1804,) finds that copal may be united to oil of turpentine 
by the intermede of fome other of the effential oils, parti- 
cularly oil of fpike and lavender. He gives the following 
procefs: Take two ounces of oil of lavender, heat it in a 
glafs matrafs, add thereto an ounce of copal grofsly pow; 
dered, and, at different times, ftirring the mixture with a 
flick of white wood. When the copal is diffolved, add fix 
ounces of oil of turpentine, nearly boiling, and ftir the 
whole thoroughly. This gives a fine gold-coloured liquid, 
very fit for varnifhing. 

Camphor alfo highly affifts the folution of copal, in oil 
of turpentine, as it does in alcohol, and the fame pre- 
caution is ncceffary, of diffolving the camphor completely 
in the oil, before the copal is added. Half an ounce 
of camphor is fufficicnt to a quart of the oil, to enable 
it to take up as much copil as will make a good var- 
niftw 

To unite any of the refins with drying linfeed oil in 
the compofition of the oil varnifhes, it is neceffary to ex* 
pofe them to a much greater heat than in the former in- 
ilances, that is, not lefa than is fufficicnt to liquefy the refins. 
This, however, always gives the refiti a certain degree of 
brown colour, which is often injurious to it when ufed as a 
varnifh. Copal when melted with as little heat as poflible, 
and then dropped into drying linfeed oil, diffolvcs therein 
with eafe, and this folution mixed with clear turpentine, 
forms a very fine hard varnifh. To avoid as much as poflible 
the difcolouration of the copal, Mr. Tingry inclofes it in a 
kind of wire-cage fufpended in a very flow well-regu- 
lated furnace $ and, as foon as any portion melts, it falls 
in drops into the drying oil heated and fet beneath 
it. 

When melted copal is dropped into water, a fmall quan- 
tity of oil is feparated, and floats at top, and the relin at 
the bottom is thereby rendered fome what more foluble in 
the different menftrtfa. 

Copal is liable to be confounded with gum mime, when 
the latter is very clear and good. The dirtindion is of 
fome don fcqucnce, as the anime, though valuable in varnifh- 
ing, is much kfs fo than the fineft copal, the varnifh with 
the former being darker coloured, and not fo hard. Bcfidei 
the external appearance of each* which is pretty dirtin& to 
a praftifed eye, the folubility in alcohol fumifhes an ufeful 
ten, the anime being readily foluble in this fluid, but the 
copal fcarcely fo. 



Copper 


COPPER, Kupper , Germ, Cuivre, Fr. Cuprum, A», 

Lat. V rnuj, Alchctn, 

Copper is a duftile and malleable metal, of a pale yellow- 
ilh red colour. It is foluble in mod acids, and b precipit- 
able from them in the metallic date, by iron or ztnc : its 
oxyd is foluble in ammonia, to which it communicates a 
bright blue purple colour. 

f l. Ora of Copper. 

Sp. i. Native copper. Gediegen Kupper, Cuivre natif. 

lta colour is a clear copper-red, often tarnilhed, ex- 
ternally yellowijh, blackiflt, or whitilh. 

It occurs in mafa, dtfleminated, in leaves and grains, alfo 
capillary, mofs-like, dendritical and cryftallized. The 
regular forms that it prefents, are the cube, rhe oftohedron, 
and the pyramidal dodecahedron often with a fhort fix-fided 
pnfm interpofed. 

The cryftals are fmall, and generally implanted in each 
other, forming cluttered mattes. It* luftre internally is 
ghlUntng and metallic } its frefture is hackly : when cut or 
nibbed, it acquires a high metallic luftre. Lt is riot verv 
® ird * » malleable and lexiUe, but not elattic, is tough and. 


difficultly frangible. Sp.gr. 7.72. — 8.58. 

It is fufible before the blow-pipe, and appears to be pure 
copper. 

It occurs in veins' and beds in various primitive and 
fccondary mountains, accompanied by many of the other ores 
of copper, alfo by galena, horn lilver, native filver, calcare- 
ous, heavy, and floorfpars. 

It is very extenfively, but not very abundactly, dilfufed ; 
the largeft mattes appear to be procured from the copper 
mine river, within the arctic circle in North America ; it is 
alfo of frequent occurrence in Japan and Jray.il, in Siberia, 
Hungary, Norway, Sweden, Saxony, aud Cornwall. 

Sp. 2. Vitreous copper. Kupper gins, Cuivre vitreux. 

Its colour is dark lead-grey, patting into blaokilh-grey $ 
it is often covered luperficially by 1 Iteebcoloured tarnifh. 
It occurs in mafa, digeminated or cryftallized. The forms 
of its cryftals are the cube, the odohedron, and a hexahe- 
dral prifm, fometrmes terminated by trihedral fummiti. 
The cryftals are fmall ; externally they arc (hining, internally 
they exhibit a gliftemng metallic luftre. The /ra&ure is 
fine-grained, uneven, puffing into couchoidal. It gives a 
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fclriing ftrcak, is blackifh when pulverised j is foraewhat 
brittle, and eafily frangible. Sp. gr. 4.1, — .5.4. 

It effervefees Iwith nitrous acid, and when expofed to the 
blow-pipe, gives a metallic button of a fteel-grey colour, 
and generally attraftiblc by the magnet. 

When pure, it appears to be a fimpie fulphuret of copper, 
confifting, according to Chenevix, of 

8 1 Copper 
19 Sulphur 

JOO 

It is generally however mixed with iron in the proportion 
of from 3 to 6 per cent. A fpecimen from Siberia was ana- 
lyzed by Klaproth, and afforded 

78.5 Copper 

18.5 Sulphur 
2.25 Iron 
0.75 Silcx 


100. 


It occurs in veins and beds in primitive and fecondary 
mountains, accompanied by copper pyrites, and other ores 
of this metal. It is not very abundant, but is found in va- 
rious places, efpecially Cornwall, Hungary, Saxony, Nor- 
way, and Siberia. 

Sp. 3. Variegated copper. Bunthuppcterz. 

Its colour is intermediate between copper-red, and Tom- 
bac brown ; by expofure to the air it acquires a fupuficial 
tarnilh, which is firtt reddifh, then violet, afterwards blue, 
and iallly green. It occurs in mafs, diffeminated, fuper- 
ficial, or cryftailized in o&ohedrons. Internally it is Alining, 
with a metallic iultre. It* fra&ure is fmall, and imperfeduy 
conchoidal, palling into fine-grained, uneven. It takes ft 
polilh by fri&ion, and gives a reddifh coloured ftrcak. It is 
foft, fomewhat brittle, and eafily frangible, Sp. gr. 4.9. 

3*4* 

It effervefccs with nitrous acid, and melts readily before 
the blow-pipe, without vapour or odour. Two fpecimen*, 
the one from Hittcrdahl in Norway, and the other from 
Rudelftadt in Siberia, have been analyzed by Klaproth, with 
the following refults. 

Hitt. Rud. 

69.3 58. Copper 

J9. J9. Sulphur 

7.3 18. Iron 

4- S' Oxygen 

100. IOO. 

This ore occurs in beds, veins, and diffeminated through 
rocks, for the moll part belonging to the clafs of primitive. 
It is ufually accompanied by vitreous copper, and copper 
pyrites. It is found in Cornwall, in Hungary, Saxony, 
Norway, and Sweden. 

Sp. 4. Copper pyrites. Kuppcrlies . Pyriu cuhreufe. 

Its colour is deep brafs-vellow, palling into gold-yellow. 
Its furface is often iridclccntly tamilhed. It occurs in 
mafs, diffeminated, fuperficial, ftaliaitical, cluttered, reni- 
form and cryttallized in tetrahedrons, and the derivative 
octahedron, and dodecahedron. The cryftals are ufually 
very fmall and imperfed. The furface of the cryftals is 
fmooth and (hining $ that of the other varieties is rough and 
glimmering. The fra&ure is coatfe or fine-grained, uneven, 
gaffing into conchoidal, and imperfcfUy foliated. It is 
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brittle, and with difficulty gives a few feeble fparks with the 
fieri ; it may be readily cut by a knife. Sp. gr. 4. — 4.1. 

When expofed to the blow-pipe on charcoal, it decrepi- 
tates, emits a fulphureous vapour, and melts into a black 
globule, which, by further application of the heat, acquires 
the colour and luftre of copper. It does not appear that the 
cryftailized varieties of this ore have been regularly ana- 
lyzed, and the proportion of its conftituent parts cannot be 
eftimated from the other varieties, on account of the iron 
pyriteB, with which th**v are always more or lefs mixed. A 
fpecimen analyzed by Lampadius afforded 

41. Copper 

17.1 Iron 

45.1 Sulphur 

103.2 

The richer this ore is in copper, the fofter it is, and it# 
colour approaches the more to that of gold. It feldom, how- 
ever, in the large way, affords more than 20 per cent, of 
copper. It may readily be dittinguilhed from iron pyrites 
(the only fubltance with which it is likely to be confounded) 
by the pale brafs yellow colour, and fuperior hardnefs of the 
latter. 

Copper pyrites is the mod abundant, and moft generally 
diffuf d of any of the ores of this metal. It occurs in veins 
and beds in primitive, tranlirion, and fecondary rocks, in moll 
countries of the world. 

Sp. 3. White copper. JVcifs Kufpererz, Mine dc cuivre 
blanche . 

Its colour is intermediate between lilver-white and brafs- 
ellow. It occurs in mafs or diffeminated. Internally it 
as a flight metallic luftre. Its fra&ure is fmall, and fine- 
grained uneven. It yields readily to the knife, is brittle, 
and eafily frangible. Sp. gr. 4.5. 

Before the blow-pipe it yields a white fmoak, and aa 
trfenical odour, and melts into a blackilh flag. According 
to Hencktl it yields about 40 per cent . of copper, the reft 
being iron, arfentc, and fulphur. 

It occurs in veins and beds, in primitive mountains, and 
is generally accompanied by copper pyrites and vitreous 
copper. 

It is found in Cornwall, Saxony, Silefia, Hungary, 
Siberia, and Chili in South America. 

Sp. 6. Grey copper. Fablerz . Cuivre gris. 

Its ufual colour is fteel-grey, which paffes into iron-black 
and lead-grey ; fome varieties incline towards yellow and 
others again prefent fuperficial i ride fee nt colours. It occurs 
in mafs, difleminated or invefting, or cryftailized in regular 
tetrahedrons and their modifications. The cryftals are fmall, 
with (hining furfaces. Internally it is gliftcning, or Alining 
with a metallic luftre. The fra&ure is coarfe, and fmall- 
grained, uneven, inclining to imperfe&ly conchoidal. It 
gives a black or reddilh-brown powder. It is moderately 
hard, brittle, and eafily frangible. Sp. gr. 4.46.-4.36, 

The only neceffary ingredients of this Ipecies (as appears 
from an analyfia by Chenevix; of the cryftailized variety) 
appear to be copper, iron, and fulphur in the following pro- 
portions, viz . 

3a Copper 

33 Iron 

14 Sulphur 

99 

The uncry Utilized varieties, however, generally contain 
alfo antimony, filver, and lead, but in very variable propor- 
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.dans. In fevers! varieties from Germany, f Mr. Chenevix 
found antimony varying in proportion from 5 to 38 per cent . 
but neither lead nor filvcr. Two fpecimens, the one from 
Andrcafberg, and the other from Crannitz, have been ana- 
lyzed by Klaproth with the following refults. 

Copper 31*36 *6 

Iron 3.3 H 

Sulphur 1 1.5 10 

Antimony 34.09 16 

Silver 14.77 2t2 5 

Lead o. 34- 

Silex o. 2.5 

95.02 93.75 

Finally, a fpecimen from Piedmont has been examined by 
Napionc, and found to confift of 

Copper m 

Iron I2.t 

Sulphur 12.7 

Antimony 36.9 

Silver 0.7 

Arfenic 4. 

Alumiae 1.1 

96.8 

Thofe fpecimens that give a reddifh-brown ftrpak, are' ge- 
nerally the mod abundant in filver. 

It occurs iu veins in flatc,and fome other of the new eft pri- 
mitive rocks, and in beds in the tranfition and floetz rocks. 

It is accompanied by copper pyrites, galena, manganefe, fpa- 
thofe iron, and rarely by malacnite. When it contains a nota- 
ble proportion of filvcr, it is confidercd and worked as an 
ore of this metal. 

It is found in Cornwall, and in the county of Ayr in 
Scotland; alfo in Bohemia, Hungary, Tranfylvania, Saxony, 
Hcfle, the Hartz, Frarce, Spain, Piedmont, Sweden, Nor- 
way, Siberia, and Chili. 

Sp. 7. Black copper. Kupperchwartxe. Cuivre tiolr. 

Its colour is intermediate, between blueifh and brownifh 
black. It occurs in mafs, diffeminated or invelling. It 13 
compofed of dull moderately cohering particles. It is 
friable, flightly foils the fingers, is meagre to the feel, and 
heavy. 

Before the blow-pipe it emits a fulphurcous odour, and 
melts into a Dag that colours borax grten. It has not been 
regularly analyzed, but is faid to contain from 40 to 50 per 
cent . of copper. 

It occurs with other ores of copper, particularly copper 
pyrites, mrlachite, mountain green, and vitreous copper. 

It is found of remarkable beauty, at Kupperberg, in 
Silefia, alfo in Saxony, Hungary, Norway, and Siberia. 

,Sp. 8. Ruby copper. Roth. Kuppererx • Cuivre oxyde 
rouge* 

Of this fpecies, there are the three following verifies. 

Var. i. Lamellar. 

Its colour is dark cochineal red, inclining fometimes to 
lead grey ; when cry Utilized it is often of a full car- 
mine red. It occurs in mafs, diffeminated and cryftal- 
lized in cubes, and aluminiform oftohedrons. The 
cryiUls are fmall, and for the moil part laterally ag- 
gregated t their furfaces are fmooth and ihining. Its in- 
ternal luftre is more or lefs ihining, and is intermediate 
between metallic and adamantine. Its fradureis imperfect- 
ly foliated, pafling into granular uneven. When in mafs it 
is ufually opake, or at moft tranflucent on the edge. $ the 


cryflals are tranfparent, verging into tranflucent. It gives 
a browniih brick-red Ureal, is moderately hard, brittle* 
and eafily frangible. Sp. gr. 3 •RS* . ..... 

By expofure to the blow-pipe on charcoal, it is eaflly se- 
ducible to a metallic bead, without emitting either odour, 
or fmoak. It diiTolves in the nitrous and muriatic acids, in 
the former with, and in the latter without* effcrvefceoce. 
According to Mr. Chenevix, it confiits of 

88.5 Copper 

1 1.5 Oxygen 

100. 

It is met with chiefly in veins, and appears to be peculiar 
to primitive mountains. It is accompanied by native cop- 
per and other ores of this metal. It is found in Cornwall, 
m Hungary, Saxony, the Hartz, Siberia, Peru, and 
Chili. 

Van 2. Capillary. 

This variety differs from the preceding in being of a 
fomewhat lighter colour, fuperior luftre, and being compofed 
of fmall capillary cryflals and thin flakes. 

Var. 3. Compaft. 

It occurs in mafs and diffeminated, but never cryftallized. 
Its internal luftre is glimmering, femi-metallic : its fra&ure 
is even ; and it is opake. In other refpe&s it agrees with 
var. 1. 

Sp. 9. Tile-red copper. Ziegelerz. 

This fpecies prclents two varieties, indurated and 
earthy. 

Var. x. Indurated. 

Its colour is intermediate between hyacinth and brownifh- 
red, pafling on the one hand into lead-grey, and on the 
other into reddifh-brown. It occurs maflive and diffemi- 
nated. The reddifh kind has a glimmering luftre and flat 
conchoidal fradture; the browner kind has a fomewhat refmous 
luftre and a fmall conchoidal fra&urc. It acquires a luftre 
by fti&ion, is moderately bard and brittle. 

When expofed to the blow-pipe it becomes black, and 
is infufible without addition. Borax is tinged by it of a 
dirty green. It appears to be an intimate mixture of com- 
pad! ruby copper with brown iron ochre, and its produce of 
copper varies from jo to 50 per cent . 

It occurs in veins with ruby copper, malachite, copper 
pyrites, and iron ochre. 

Var. 2. Earthy. 

Its colour is hyacinth-red, pafling into reddifh or ycllowifli 
brown. Its texture is between friable and folid. It occurs 
in mafs, diffeminated, and invefting copper pyrites. It is 
without luftre, has an earthy fra&ure, and (lightly foils the 
fingers. In its other chara&ers it agrees with the preceding 
variety. 

Sp. io. Mountain blue. Kupperlazar . Cuivre carbonate 
bleu . 

Of this there are the two following varieties. 

Var. 1. Radiated. 

Its principal colour is (ky-blue, which paflVs into Pruffian 
and indigo-blue. It occurs in mafs, diffeminated or in- 
vefting, more frequently botryoidal, ftala&itic, and cellular, 
but mod frequently cryftallized in oblique rhomboidal prifma 
or odtohedral prams with dihedral fummits. The cryflals 
are generally very fmall *pd aggregated into globular maffes 
or bundles. The cryftallized varieties are externally Ihining, 
but the reft are dull. Internally it is Alining or glittering, 
with a luftre between vitreous and refmous. Its .fra&ure 
is ftra'qht or divergingly radiated, rarely iamellarr The cry- 
ftals are tranflucent and femi* tranfparent, the other varieties 
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are opake, or it moft tranflucent on the edges. When pul- 
“vended it is of ■ /Icy-blue colour. It is loft, brittle) and 
eafily frangible. Sp. g. 3.2.— .3.4. 

It is very difficult of fufion before the blow-pipe, per fe ; 
but with borax it gives a bright green glafs) and a metallic 
globule* 

According to Pelletier it confills of 
66 to 70 Copper 
18 20 Carbonic acid 

8 — 10 Oxygen 
a — - — Water 

Var. 2. Earthy. 

Its colour is fmalt-blue 5 it occurs rarely in mafs, gene- 
rally diffeminated or fuperficial ; it is compofcd of fine pul- 
verulent cohering dull particles. Its fra&ure is fine-grain- 
ed earthy, paffing into even and imperfe&ly conchoidal. It 
is opake, flight ly ftains the fingers, and is eafily frangible. 

Before the blow-pipe it becomes black, but does not 
melt. In borax it diflolvcs with great ebullition, and forms 
a green glafs. 

Mountain-green occurs in the newer primitive rocks, but 
more commonly in floetz mountains. It accompanies other 
ores of copper, efjpecially malachite, grey copper, and cop- 
per pyrites. The moft beautiful fpecimens come from the 
Bannat in Hungary, and from Siberia. In the Tyrol it 
is found in fufficient plenty to be manufa&ured into the pig- 
ment called mountain-blue. 

Sp. 11. Malachite. 

Of this there are the two following varieties. 

Var. 1. Fibrous. 

Its common colour is grafs-green palling into emerald- 
green, and fometimes into dark leek-green. It frldom oc- 
curs maffive or diffeminated, but generally invefting, and 
often cryllallized in (hort capillary needles, difpofed in diver- 
gent bundles, or (tars* Externally they are lining, but in- 
ternally only gliftening with a lilky luftre. Its fra&ure is deli- 
cate, diverging fibrous, paffing into coarfe fibrous. It is 
opake or tranflucent on the edges ; the cryftals are for the 
moft part tranflucent. When pulverized it regains its co- 
lour, only the tint is fomewhat lighter. It is very foft, bnt* 
tie, and eafily frangible. Sp* gr, ,3.5. 

It effervefees with acids, and forms a blue folution with 
.ammonia. Before the blow-pipe it blackens and decrepitates* 
but is infufible, per fe. With borax it melts into a green 
.glafs. Its conftituent parts, according to Klaproth, are 
58 Copper 
18 Oxygen 
J2.5 Carbonic acid 
1 1.5 Water 

TOO 

It occurs ufually in the newer primitive and floetz moun- 
tains, accompanied by other ores of copper, alfo by carbo- 
nat of lead, calcareous fpar, brown fpar, and quartz. 
The flnelt fpecimens of this variety of malachite are found 
in the Siberian and Hungarian mines 5 it occurs alfo in 
Saxony and other mining diftri&s in Germany, in Norway, 
and in Shetland, and the counties of Cornwall and Derby 
in Britain. 

Var. 2. Compaft. 

Its colour is emerald-green paffing into grafs and verdegris- 

C u, the fame fpccimcn exhibiting different lhadcs of co- 
: its external furface is commonly ovetfpread with a 
reenifli-white cruft* It occurs maffive ynd diffeminated, 
ut moft frequently reniform, borryoidal, mamillated, ftalac* 
titic, or globular. Externally it is rough aad dull | inter- 
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nally it is, according to the fr*£ture, either dull, gliftening, 
or (tuning. Its fradure is conchoidal, or fine-granular 
uneven, or minutely fibrous. It generally occurs in thin 
lamellar concentric diftind concretions, each of which has 
ufually a different (hade of colour. It is opake, foft, brit- 
tle, and eafily frangible. Sp. gr. 3.5 — -3.6. 

Its chemical characters ana component parts are nearly 
the fame as thofe of the preceding variety, with which it 
alfo agrees in its geognoftic and geographical fituation. 

Its beautiful colour, luftre, and the high poli(h that it ia 
capable of receiving, render it much fought after for various 
ornamental purpoies: it would however .be much more 
cfleemed if it was harder. 

Sp. 12, Mountain-green. Kuppergrun . Vert de cuivrc. 

Its colour is verdegris -green, paffing occafionslly into 
emerald- green and .ley-blue. It occurs in mafs, diffeminated 
or in veiling. Internally it is (hintn^ paffing into glittering, 
with a refinous luftre. Its fra&ure is fmali conchoidal* It 
is tranflucent and femi-tranfparent $ is foft and cafiiy 
frangible. 

Its chief chemical chara&er is that of giving little or no 
effervefcence, while diffolving in acids. It has not been 
analyzed. It is found in fimilar fituations with malachite, 
but is of much rarer occurrence. 

Sp. 13, Emerald copper. Kvpperfchmaragd . Dioplafe of 
Hauy. 

Its colour is emerald-green. It occurs cryllallized in 
lengthened dodecahedrons. It is Alining both externally and 
internally, and has a vitreous luftre. It is tranflucent," 
paffing to femi-tranfparent ; fcratchcs glafs feebly, and with 
difficulty; is brittle. Sp. gr. 3.3. 

Before the blow-pipe it becomes of a chefnut-brown co- 
lour, and is infufible, per fe. With borax it gives a bead of 
copper. According to an analyfis by Vauquelin it con- 
fifts of 

25.5 7 Oxyd of copper 

42.85 Carbonat of lime 

28.57 Silex 

96.99 

It has hitherto been found only in Daouria on the Ruffian 
and Chinefe frontiers in a vein accompanied by malachite. 

Sp. 14. Micaceous copper. Kupper glimmer. 

Its colour is deep emerald-green paffing to verdegris- 
recn. It occurs maffive, diffeminated, and cryftallized in 
exahedral tables. Externally it is fmooth and (hining 
with a pearly luftre. Its fraflurc is foliated. It is tranf- 
lucent paffing into femi-tranfparent. It is iofter than cal- 
careous fpar. Sp. gr. 2.54. 

It decrepitates ftrongly when fuddenly heated, and is 
compofed, according to Ch^nevix, of 
38 Oxyd of copper 
21 Arfenic acid 
ax Water 

^00 

It is found in Huel Gorland mine in Cornwall, in veins 
accompanied by vitreous copper, copper pyrites, arfenical 
pyrites, and iron ochre. 

Sp. 1 j. Odohcdrai arfeniat of copper. Linfenerx of 
Werner* 

Its colour is deep (ky-bluc, paffing into Pruffian-blue* 
blueifh-white, apple-green, and' grafs -green. It occurs in 
obtufe pyramidal o&ohedrons* The cryftals are (mail and 
aggregated into duller* ) they have a (hining vitreous luftre* 
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and a lamellar fra&ure, are femi-tranfparent palling into 
tranfparent. In hardnefa they are inferior to fluor fpar. 
£p. gr. 3.88. 

It is compofed, according to Chenevix, of 
49 Ox yd of copper 
14 Arfenic acid 
35 Water 

9 * 

Tt is found in the fame mine as the preceding fpeciea. 

So. 16. Foliated arfeniat qf copper. Blatirigcs alhentrz 
•f Werner. 

Its colouris olive-green, palling to oil and leek -green. It 
occurs rarely maffive, and generally cryftallized in acute 
rhomboids and oblique quadrilateral prifms. The furfaccs 
of the cry Hals are fmooth and Ihining. Internally it is 
gliftening and Ihining, with a diamond luftre. Its fradlure 
is impcrfe&ly foliated. It is tranilucent palling into tranf- 
parent. It is fomewhat harder than calcareous fpar. Its 
component parts, according to Chcnevix, arc, 

54 Ox yd of copper 
30 Arfenicacid 
16 Water 
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and Ihining. Internally, it is gliftening with a filky lu£ 
tre. Its frafture is fine and diverging fibrous. It isopake, 
and moderately hard. Tt confifta, according to Klaproth, 

68.13 Oxydof copper 

30 95 Phofphoric acid 

99.08 

It has hitherto been found onty at Fimebcrg in Cologne# 
in white drufy quartz. e 

Sp. 19. Sandy copper. Sahzkuppererz . Werner. 

Its colour is emerald* green, palling into leek and olive- 
green. It occurs maffive, dilTeminated, and cryftallizcd 
in extremely minute fix or fouf-fided prifms. The fur- 
face of the cry Hals » fmooth and brilliant, and their 
fradure lamellar. The maffive variety is opakc ; the crys- 
tals are tranfparent. It is foft and eafily frangible. Sp. gr. 
4 * 45 * 

Before the blow-pipe on charcoal, it tinges the flame of 
a bright green and blue colour, and a metallic globule re- 
mains behind. It is foluble in nitrous acid, without effer- 
vefcence. The following arc its conttitucnt parts, according* 
to Proud and Klaproth. S 


100 

It is found in the fame mine with Sp. 14. 

Sp. 17. Fibrous arfeniat of copper. Ftifriges olivenerz . 
Werner. 

Its colour is brownifli, or dark bottle green, palling into 
ycllowilh j when capillary it i-i of a lighter and brighter co- 
lour. It occurs cryftallizcd in an irregular acute odohedron, 
or a long comprefled hexahcdral prifm, or capillary. Some- 
times the cryftals are regular at owe extremity, and terminate 
in capillary bruflies at the other. The cryftals arc fmall and 
laterally aggregated. It has a confiderable luftre between 
vitreous and reft nous, is tranfluccnt palling to tranfparent ; 
is harder than fluor fpar, but will not fcratch glafs. Sp. 
gr. 4.2S. It paffes inttf the two following varieties. 

1. Amianthiform. 

Its colour varies from blueifh -green to grafs^green, brown- 
green, ftraw-yellow, and white. It occurs in extremely 
minute parallel, or diverging flexible fibres, or thin dufty 
flexible laminae, with more or lefs of a fattiny luflre. 

2. Hsmatitiform. 

Its colour is brownifh or whitifli-yellow. It occurs in 
flat <*r mamillatcd layers, either fmooth or varied with fmall 
rough crydalline points. 

Its texture is fibrous but very compad, refembling wood- 
tin. 

The above fpecies, with its varieties, has been analyzed by 
Mr. Cbenevix, with the following refuit : 

Prifmatic. Capillary. HjmatifF. 


60. 


5 °- 

Oxyd of copper 

39-7 

29. 

29. 

Arfenic acid 

0. 

18. 

21. 

Water 

99*7 

9S. 

100. 



It is found in Huel Gorland mine, in Cornwall. 

Sp. 1 8. Phofphat of copper. 

Its colour is, externally, greyifh-black ; internally, be- 
tween emerald and verdegria-green. It occurs in mafs, dif- 
fesninated and cryftallizcd in rhomboids. The cryftals 
ace fmall and very fmall; their luftre is externally vitreous 


Prouft. Klaproth. 


r- • A **~ 

From Peru. 

Chili? 

Chili. 

76 j 95 

70 482 

73. Oxyd of copper 

1 0.63 8 

11.446 

10. 1 Muriatic acid 

1 

18.072 

16.9 Water 

100. 

IOO. 

IOO. 


It is found loofc in the bed of a river at Kemolinos, in 
Chili, and elfcwhere, though rarely in Spanilh South Ame- 
rica. 

§ 2. JJfay and Analyfts , 

The affay of copper ores, (though by no means fo ac- 
curate a method of afeertaining their metallic contents as 
a regular analyfis) being the method by which the market 
price of the ore is always determined, requires the firft no- 
tice. The bell method, upon the whole, of condudine it. 
is as follows. 6 

Firft, expofe a fmall piece of the ore, under examination, 
to the adion of the blow-pipe, and by the appearance and 
odour of the vapour given out, it is eafy to difeover whe- 
ther it contains any arfenic or fulphur. It may very' pro- 
bably contain both, in which cafe, take 300 grains of the 
ore coarfely pulverized, mix it with half its weight of faw- 
duil, and keep it at a moderate red heat in an earthen cru- 
cible, till the difengagement of arfenicai vapour entirely 
ceafes. Then pour the contents of the cruu/de into an 
iron mortar, and reduce them carefully to a fine powder. 
Transfer this powder to a teft, and expofe it to a good red 
heat, with occafional ftirring, till both the charboal and 
fulphur are burnt off. The refidue is then to be accurately 
mixed with t *t of its weight of lamp-black, half its weight 
of pulverized glafs of borax, and a drop or two of oil ; the 
mala thus formed, is to be put into a found earthen crucible, 
a cover is to be toted on, and the whole is to be placed in 
a good wind furnace. The heat Ihould be moderate for the 
firil quarter of an hour, to allow the borax time to combine 
with the earthy impurities of the ore> then a moderate 
white heat is to be applied for about twenty minutes. After 
this, the crucible being withdrawn and cooled, is to be care- 
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fully broken, ind will be found to contain a button of cop* 
per, covered by vitreous fcorise. The purity, of the copper 
thus procured, is to be eftimated from its colour, foftncfe, 
malleability, and tenacity; after* which, a part of it may 
be cupelled with pure lead, in order to afccrtain whether it 
holds any filvcr or gold. If the ore contains fulphur, but 
no arfenic, it may be mixed with half its weight of char- 
coal, and roafted on a tcft, without being previoufly heated 
in the crucible. If the ore contains neither fulphur nor 
arfenic, it (hould be firft. moderately ignited in a covered 
crucible, to drive off any moiflure, and may then be 
treated with borax and lamp black, as already deferib- 
cd. 

The proper analyfis, by means of liquid menilrua, is 
however much more accurate than even the moll carefully 
conduced affay, and the general mode of proceeding with 
the ores of copper is, upon the whole, very fimpie*. The 
copper, together with the other metals with which it may 
happen to be mixed, is to be feparated from the filex and 
fulphur, by means of an acid, the other metals are then to 
be got rid of by their appropriate reagents, and the cop- 
per is then to be procured either in the (lace of green car- 
bonat, of black oxyd, or of pure metal; of the lirft, 180 
parts are equivalent to 100 of metallic copper ; and of the 
fccond, ioo parts contain 80 of metal. 

Previoufly to undertaking an analyfis, a part of the fpc- 
cimen, under examination, (hould be fubje&ed to the ufual 
reagents, in order to afeertain not indeed the proportion, 
but the nature of the ingredients of which it confiits ; and, 
in few cafes is this more neceffary than in the analyfis of the 
ores of copper, both as they are fo numerous and fo various 
in their compofltion. This previous examination being duly 
performed, the analyfis may be conducted in the following 
manner : 

For the analyfis of the pyritical, and other fulphuriztd 
ores of copper , provided they contain neither filver nor lead, 
take 200 grains of the pulverized ore, and digeft it at a 
boiling heat with muriatic acid, (adding occafionally a few 
drops of nitric acid) till every thing foluble in this men* 
ilruum is taken up. Of the infoluble portion, a part, con* 
filling chiefly of fulphur, will be found floating on the li- 
quor ; and this being walhed, dried, and weighed, is to be 
ignited on a tcft, by which the fulphur will be burnt off, 
and its amount may be ellimated from the lofs of weight 
full lined by the procefs. The incombuftible refidue is to 
he digefted in a little warm muriatic acid, and what remains 
infoluble, is to be added to the other infoluble refidue. 
The muriatic folutions being mixed together, the whole is 
to he decompofed by carbonated potalh, and the precipi- 
tate, hence ,refulting, is to be digefted in repeated portions 
of cauftic ammonia, as long as this latter acquires any blue 
tinge. The whole of the copper, and nothing elfe, will 
thus be taken up by the ammonia, from which it may be 
obtained in the Hate of black oxyd, by the addition of a 
little cauftic potalh, and a boiling heat. The refidue, in- 
foluble in ammonia, confifls of oxyd of iron, with perhaps 
a lit* le alumine, which may be feparated by cauftic potalh, 
the alumine aloxe being foluble in this fluid. Finally, the 
portion infoluble in muriatic acid, may be confidered as little 
elfe than (ilex. 

The ores which, befides copper, fulphur , and iron* contain 
fiver* lead* and antimony, may be thus analyzed. The ore, 
reduced to fine powder, is to be repeatedly digefted with 
moderately diluted nitric acid, as long as anv thing continues 
to be taken up by this menftruum. To the nitnc folution 
is then to be added muriat of foda* which will throw down 
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the filver in the date of luna cornea ; this being feparated, 
the lead is to be precipitated in this form of fulphat, by iuU 
pliat of foda ; the folution is now to be fuperfatu rated with 
ammonia, which will diffolve the copper, and cave behind 
the oxyd of iron, with probably a little alumine and filex. 
The copper is to be procured from the ammoniacal folution* 
in the manner dire&ed in the preceding paragraph ; and the 
oxyd of iron may be feparated from the admixed earths, by 
cauftic potafh. That portion of ore, infoluble in nitric acid, 
is to be digefted in muriatic acid, which will take up every- 
thing except the fulphur, filex, and probably a little luna 
cornea. Of this infoluble refidue, the (ulphur is to *be burnt 
off by gentle ignition, and the remainder is to be fufed with 
twice its weight of pearlafli, by which the filver in the luna 
cornea will be reduced to the metallic (late. The muriatic 
folution being concentrated by evaporation, and then poured 
into a confiderable quantity of water, will depofit the anti* 
mony in the form of a white oxyd. 

The fimpie oxyds of copper , art bed analyzed by digeftion 
in nitric acid, and then fuperfaturating the folution with am* 
monia, by which any calual admixture of iron will be ie* 
parated. 

The carbonate of copper are to be thua treated. One por- 
tion is to be gently calcined in a covered crucible, and the 
lofs of weight fuftained, indicates the united amount of the 
water and carbonic acid. A fecond portion is to be thrown 
into a known quantity of dilute fulphuric acid, and the 
lofs of weight, by the effervefcencc which enfucs, (hows the 
amount of carbonic acid. The fulphat of copper thus ob- 
tained, may be fubfequently decompofed, either by a dick 
of zinc, or by liquid ammonia. 

The arfeniats of copper are moft conveniently analyzed by 
firft moderately heating them, in order to drive off and thus 
eftimate the water, and then digefting the refidue in dilute 
nitric acid, by which it will be entirely diffolved ; nitrat of 
lead is then to be dropped in as long aa it occaiions any pre- 
cipitate, and this latter being removed, the fluid is to be 
evaporated nearly to drynefs, after which, warm alcohol is 
to be added, which will take up the whole, except a white 
powder ; this powder, and the precipitate on the addition 
of nitrated lead, are arfeniat of lead, 33.66 per cent . of 
which is arfenic acid. The alcoholic folution is then to be 
evaporated nearly to drynefs, and then to be digefted with 
ammonia, which will take up the copper, leaving behind 
any oxyd of iron th a£ may have happened to be con- 
tained in the ore. The smmoniuret of copper, being de- 
compofed by cauftic pota(h, gives the copper in the ftate 
of black oxyd, which is that in which it exifts in the 
ore. 

The analyfis of muriat of copper is very fimpie. It was 
thus effected by Klaproth. The ore, being pulverized, was 
diffolved in cold nitric acid, with the exception of 1.5 per 
cent . of oxyd of iron 5 the folution being then diluted* 
nitrat of filver was added, till it occafioned no further 
precipitate; the luna cornea thus obtained, indicated, ac- 
cording to the known proportions of this fait, the amount 
of muriatic acid in the ore. The nitrous folution was then 
decompofed, and the copper obtained in the metallic form* 
by means of a bar of iron. 

Phofphat of copper was thus analyzed by Klaproth. On 
dig eft ion in nitric acid, the whole was taken up except a 
few grains of quartz; the excefs of acid in tne folution 
was then faturated by potafh, and acetite of lead was poured 
in till it had quite ceafed to occafion any precipitate ; the 

I ihofphst of lead, thus obtained, was feparated from the fo* 
utioD) and fulphat of foda was added to dccompofe and 
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■precipitate the (mail exc.f. of acetite of lead which had 
been made life of. A little fulphmic acid waa then ad- 
<3rd to the folution, and the copper was precipitated 
in the ufual way, by means of a bar of iron. 

$ 3. Reduflion of Ores . 

The only ores of copper that are in faft wrought in the 
large way, and from which the copper of commerce is for 
the mod part fupplied.are the fulphureous and arfenical ores 
of this metal. The method of reducing them, though con- 
filling of a great number of proceffes, on account of the 
powerful affinity, both of the arfenic and fulphur, is yet 
upon the whole very fimple, being little more than repeated 
roallingu and fufions, till the metal has acquired the necef- 
lary du&ility, for it is never brought to a Hate of abfolute 
purity, and the commoner forts contain both arfenic and an- 
timony, infuch proportions, as to be wholly unfit for alloy- 
ing with cither gold or filver. 

The rough ore, if fimply fulphureous, is broken into pieces 
not larger than an egg, and Separated as much as pofiible 
from the adhering earthy impurities; after which, it is piled 
in large kilns, and heat being applied at the bottom, the 
whole mafs becomes gradually heated, and a large portion 
of the fulphur fublimcs out, and may be either collected 
by proper flues, or allowed to efcape ; this lirll procefB oc- 
cupies about fix months, at the expiration of which time, 
the evaporation of the fulphur cealcs, and when the ore 
has cooled fufficiently, it is in a fit ftate to be fmelt- 
cd. 

If, however, the ore is largely combined with arfenic, it 
is not capable of keeping up a long combullion of itfelf, nor 
is the heat thus generated adequate to the expulfion of the 
arfenic ; a fomewhat different method, therefore, of roafting 
mull be had recourfe to. For this purpofe the ore is dill 
more carefully dreffed than in the former cafe, and is reduced 
to pieces not larger than a hazle-nut. It is then fpread on 
the floor of a large reverberatory furnace, and expofed to a 
dull red heat, with frequent ftirring, in' order to offer frefh 
furfaces to the a&ion of the flame. The arfenic and fulphur 
by this treatment are rapidly driven of(, and -in about twelve 
hours the roafting is completed. 

The ore is now transferred into the fufing furnace, which 
is a reverberatory of the common conftru&ion ; a little 
bruifed lime-done is generally added by way of flux, and in 
the courfe of four or five hours the fufion is ufually complete ; 
the flag, now of the confidence of foft dough, is raked off, 
mnd the copper is difeharged through a plug-hole into 
water, by which it is reduced into fmall drops or grains. 

The copper, however, though in the metallic ftate, is ftill 
very impure, being largely mixed with fulphur and arfenic, 
which give it a grey colour, and render it perfectly brittle. 
In order to feparate thefe impurities, it is re-melted and gra- 
nulated twice more or oftener, a confiderable quantity of 
flag being feparated at each fufion ; but as this flag contains 
fome copper it is not thrown away, but worked over again 
with the next charge of calcined ore. The number of fu- 
lions and granulations entirely depend on the quantity of 
impurities, and the obftinacy with which they combine with 
the copper ; but when thefe proceffes have been repeated 
the requifitc number of times, the granulated mafs is melted 
and caft into pigs. Thefe ajgaiq are broken to pieces, and 
roafted for one or two days in a low red heat, and again 
melted and roafted feveral times, till the metal approaches to 
the ftate of malleable copper. It is now caft into oblong 
rnaffes, about 14 inches m length, and is fit for the refining 
furnace. In this it is again melted, with the addition of • 
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little charcoal, till it acquites the necefTary degree of mallea# 
bility, and thus becomes fallible copper. 

Sometimes lead is employed with good efFtft in the refin- 
ing of copper, as it combines with, and fcorifies iron, and the 
other eafily oxydable metals in preference to copper. For 
this purpofe the rough copper is fpread on the floor of a 
furnace, and when it is in complete fufion, about 6 or 8 per 
cenl. of lead is thrown in, and well mixed with the reft. In 
a fhort time the furface of the melted metal becomes covertd 
with a femi vitreous blackifh brown fcoria, confifting of the 
mixed oxyds of lead, iron, and other impurities, together 
with a little copper. The firft fcoria being removed, a fe- 
cond is formed, which is in like manner feummed off, and fo 
on fucceffivtly, till, after ten or twelve houts, the copper is 
fufficiently purified : this is ascertained by the thinnets of 
the film with which the melted copper is covered, and by its 
being of a brick-red colour, alfo by the circumftance that if 
a rod of polifhed iron is dipped into the fufed mafs the por- 
tion of copper that adheres to it immediately falls off when 
the rod is dipped in cold water. 

§ 4. Chemical and Physical Properties • 

The colour of copper is yellowifh-red ; its hardnefs is fit- 
perior to that of filver, but fomewhat inferior to that of pla- 
tina ; it is very tough, ductile, and malleable 3 hence it may be 
beaten into plates or drawn into wire of great ftrength and 
compaftncfs. It breaks with a hackly fra&urc. When 
rubbed, it emits a difagreeable odour ; to the tafte it is nau- 
fcous and ftyptic. The fpecific gravity of Swedifh copper, 
which is the pureft that is met with in commerce, amounts 
to about 8.89 : that of the commoner forts does not exceed 
8.6 ; while that of the Japanefe copper, on the other hand, 
amounts, according to Bergmann, to 9.0. 

The fufing point of copper is nearly the fame as that of 
gold, namely, a low white heat ; before it melts, changeable 
prifmatic colours appear on its furface. When in fufion, or 
even at a full red heat, if expofed to the air, it is foon covered 
with a thin brittle plate of brownifh oxyd, that readily fepa- 
ratfes from the metal when cold. 

This fubftance is an imperfect oxyd, and was formerly 
called copper ajhes t as uftum , or ants aris t and by repeatedly 
heating and cooling a bar of this metal, the whole may be 
thus changed. Thefe fcalcs, according to Prouft, are com- 
pofed of about 62 percent . of perfeft or black oxyd, and 38 
of copper nearly in the metallic ftate 5 hence, when they arc 
digtlied in cold dilute fulphuric acid, only the former portion 
is taken up; By fubfequent calcination, the feales are wholly 
converted into black oxyd, the weight of which is one-fourth 
more than that of the original copper. At a very high 
heat, this oxyd runs into a bright reddifh-brown opake 
glafs. 

Copper, -when in high fufion, and in contaft with the air, 
like all the other eafily oxydable metals, is a&ually com- 
buftible ; it burns with a beautiful light green flame ; the 
fame delicate tinge is vifible when a little of the oxyd, or of 
any of the falts of this metal, is ftrewed on burning coals. 
The green flame thus produced depofits a fmall portion of 

E enilh-grey pulverulent oxyd, and hence it gradually col- 
s as a kind of foot in the chimniei of furnaces employed 
in fmelting this metal. 

Copper foon rufts in a damp air, and becomes covered 
with a green cruft of carbooatea oxyd, but this coating, by 
its ftrong adhefion to the metal beneath, long prefervea it 
from further alteration ; hence it requires a length of time, 
and the concurrence of circumftances peculiarly unfavourable 
to prefervation, io order to corrode entirely a thick plate ef 
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thin metal. Water is not decompofed by copper even at a 
white heat. . , 

* With the exception of a few cafe®, that will be mentioned 

S irefently, copper appears to unite very uniformly with the 
ame proportion of oxygen, forming (when uncombined with 
water and every other fubftancc) a browniih-black oxyd, of 
which one-fifth, or 20 per cent., is oxygen, and the remainder 
copper. This oxyd is produced, as has been already men- 
tioned, by boiling the precipitate from any of the cupreous 
(alts by an alkali, or the ammoniuret of copper, with cauftic 
potafh or foda. 

Copper, or rather its oxyd, combines with every acid, 
forming falts, many of which are both curious and im- 
portant. . 

Sulphuric acid afts upon metallic copper only when con- 
centrated and boiling hot. For this purpofe take copper 
filings, or thin (hcct copper, put it into a glafs veffel with 
twice its weight of ftrong fulphuric acid, and heat the mix* 
ture. As foon as it begins to boil, much fulphureous acid 
gas is given out, and at length the whole diflolves into a 
<1 a r It -coloured liquor, which, by dilution with water, becomes 
of a fine blue. If common copper is ufed for this purpofe, 
there always remains a black fediment, which confifts for 
the mod part of fclphuret of copper. If the pure caibonatcd 
oxyds are employed, inftead of the metal, they will be found 
to be foluble even in cold and diluted fulphuric acid. The 
folution, in whichever way it is formed, depofits, by evapo- 
ration and gradual cooling, rhomboidal cryftals of a deep 
Jky-blue colour, which are fulphat of copper, the Hue or 
Roman vitriol of the {hops. 

The fame fait is alfo met with native in copper mines, 
partly cryftallized, but more generally diffolved in the water 
which drains more or lefs into all mines. When native, it 
appears to be formed in confequence of the iron pyrites be- 
ing firft. vitriolizcd, and the rcfulting fulphat of iron rc-a&ing 
on the copper. 

Sulphat of copper has a very ftrong, ftyptic, fomewhat 
acidulous, and exccflively naufeous tafte. It is foluble in 
about four times its weight of water. When dried at a 
heat not exceeding that of boiling water, it lofcs, according 
to Prouft, about 36 per cent ., which is mere water, after 
which the refidue, which is a white pulverulent mafs, is again 
foluble and cryftallizable, as at firft. But if it is calcined 
with a ftrong white heat, the acid itfelf is expelled without 
undergoing decompofition, and at length there only remains 
black oxyd of copper, in the proportion of 32 per cent . of 
the original cryftallized fait. Hence 100 parts of fulphat 
Of copper confift, according to Prouft, of 
Copper 25.67 forming 7 
Oxygen 6.4 J black oxyd 3 * 

Sulphuric acid 32 
Water 36 

100 

Bergmann’s analyfis of this fait nearly agrees with that of 
Prouft in the proportion of copper [26 percent .) ; but of 
the other ingredients he reckons 28 of water, and 46 of 
acid. 

Befidea the common fulphat, Prouft deferibes a fubfulpbat 
of copper* This is prepared by adding to the common ful- 
phat tome cauftic potafh, but not furacient entirely to de» 
compofe it. A green precipitate is in confequence depofited, 
which is the fub 4 u)phat in queftion. Tnis fait lofes by 
dictation only 14 per cent, of water The refidue, boiled 
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with cauftic potafh, gives 68 per cent . of black oxyd \ hence 
its component parts are 

Copper 54.41 — 

Oxygen 13.6) 

Sulphuric acid 18 
Water 14 

200 

Sulphat of copper is decompofed by the alkalies, whether 
pure or carbonated. If either of the fixed alkalies in their 
cauftic ft ate is made ufe of,, the precipitate is not, as might 
be fuppoftd, a iimple oxyd of copper, but that peculiar com- 
bination firft difeovered by Prouft, and named by him hydrat 
of copper . It is thus prepared : to a cold folution of ful- 
phat of copper add liquid potafh, alfo cold, to complete 
faturation ; a blue precipitate falls down, which, when 
thoroughly wafhed with boiling water, is the pure hydrat. 
Its confidence, when dried at a heat not exceeding 212* 
Fahr., is nearly that of Pruffian-blue j at a fomewhat higher 
temperature it fhrinks, and is gradually converted into black 
oxyd, by the evaporation of its water. By dry diftillation 
it is found to give out about 24 per cent . of water, and i of 
carbonic acid, which it probably has abforbed from the air 
while drying : there remain behind 7 5 parts of black oxyd. 
If this latter is again moiftened with water, it does not re- 
turn to the ftate of hydrat. Hence it appears that the hydrat 
is a true chemical combination of water and oxyd of copper, 
in the proportion of about one part of the former to three 
of the latter, and as fuch enters into the compofition of the 
cupreous falts. The hydrat is decompofable uot merely by 
heat, but alfo by boiling with cither of the fixed alka- 
lies. 

Carbonic acid and oxyd of copper unite together without 
difficulty. This combination is found native, forming the 
mountain-blue, the malachite, and fome of the other ores of 
copper. It may be prepared artificially by expofing the 
fnetal to a damp confined air, in which cafe it conftitutet ruft 
Of copper ; or more expeditioufly by decompofing aqy of 
the acid falts of copper by a carbonated alkali. A copious 
t>ulky precipitate falls down, which, when well wafhed and 
gently dried, is a fine powder, of a beautiful pale apple-green 
colour. One hundred parts of copper diffolved in any acid, 
and precipitated by carbonated potafh or foda, produce in- 
variably 180 of the green carbonat, dried at a boiling-water 
heat. This carbonat, when diftillcd by itfelf, with a heat 
gradually incrcafed to rednefs, gives out 10 parts of water, 
and 46 of carbonic acid ; the black oxyd, remaining behind 
in the retort, amounts to 125 parts, of which 100 are cop- 
per, and 25 oxygen. 

When hydrat of copper is gently heated with a folution 
of fuper-carbonated potafh, a portion is diffolved, forming a 
grecnilh-blue liquor, whilft the undiffolved refidue becomes 
almoft as dark in colour as the black oxyd. The folution, 
if (lowly evaporated, yields a Angular fait, confiding of 52 
j per cent . potafh, 43 carbonic acid, and 5 oxyd of copper. It 
is cryftallizable and fiightly deiiquefeent. A fimilar fait, 
with a bale of* foda, is produced, when this latter alkali it 
employed inftead of potafii. 

Copper is very readily foluble in nitric acid, even when 
cold ana confiderably diluted. Much heat is excited, and 
a torrent of nitrous gas given out, the liquor becoming of 
a bright blue colour in proportion as the copper is diffolved. 
The oxyds of copper are equally foluble in this acid aa 
the metal is, but without tnc evolution of nitrous gas. 
When this folution is haftily evaporated to a certain point. 
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and then fuffercd to cool, it congeals into a deep blue 
ialine mafs, which dcliquiates rapidly when cxpofed to the 
air. By a flow and careful evaporation this fait may be 
obtained in the form of hexahedral prifms, but equally dc- 
liquefccnt as the former amorphous variety. If this blue 
nitrat be evaporated beyond the point at which it would 
cryftallize when cold, nitrous gas begins to be produced, 
and a green fcaly concretiop feparates from the thick blue 
liquor. If the evaporation is here flopped, this green mat- 
ter may be feparated by water, either hot or cold, which dif- 
folves only the undecompofed blue nitrat. This green 
fub dance is confidered by Proud as a fubnitrat of copper; 
that it dill contains nitric acid is proved by its dill giving 
out this acid when mixed with fulphuric acid and heated. 
By thorough' calcination all the acid and water are ex- 
pelled, and the black oxyd of copper only remains. The 
proportions of the fubnitrat, according to the above-mcn- 
tioned chcmid, are 

Black oxyd of copper 67 

Nitric acid - - 16 

Water - . • 17 


The blue or perfect nitrat, on the other hand, contains only 
27 per cent . of black oxyd. 

Nitrat of copper is very foluble in alcohol, to the flame 
of which it communicates a very delicate green co- 
lour. 

The decompofition of this nitrat by tin is fo violent as 
in certain cafes to produce a&ual combuftion. This forms 
an amufmg experiment, and was, we believe, fird difeovered by 
Dr. Higgins. It is thus performed ; fpread out a piece 
of tin-foil four or five inches fquare, lay in the middle a 
fmall heap of the folid blue nitrat, fprinkle the fait with a 
few drops of water, fpread over it a little tow, then double 
up 1 he tin-foil round it on all lides, twiding it as tight as may 
be wiiuout breaking. In afliort time the mafs will feel burn- 
ing hot, fmall bubbles* of blue liquor will be feen oozing 
through, and will prefently be fucceeded by a copious erup- 
tion of nitrous gas, attended by minute fparks of fire and 
deflagration. 

A fine blue pigment is prepared from nitrated copper, cal- 
led verditcr (cendres blues, Fr, ) It is made in quantity by the 
refiners, who, after the proccfs of feparating filver from 
gold by aquafortis, recover the filver froth its folution by 
means of copper, and thus obtain a refidue of nitrat of 
copper; This folution is dccompofed by lime (the precife 
method of doing which is kept fecret), and the produce 
being made into cakes and dried flowly conditutcs the bed 
kina of verditcr. 

This pigment has been analyzed by Pelletier with the 
following refults. It was totally foluble in nitric and 
muriatic acids, with a copious cffervefcence of carbonic 
acid : when didilled by itfclf 600 hundred grains lod 200, 
and afforded 2 French pints of carbonic acid together with 
fome water. The calcined refidue was a black powder, 
which, being fufed with a reducing flux, yielded a button 
of pure copper, amounting to about half the weight of the 
original verditcr.^ A frelh parcel was then treated with ful- 
phuric acid, which afforded fulphat of lime, the earth 
of which formed about 7 per cent . of the original verditcr. 
Of the 200 grains loft by diftUlation, Pelletier confiders 
r8o as carbonic acid. Hence 100 parts of verditer con- 
lam 


Copper 
Carbonic acid 
Water 
Dime 


Remains for oxygen 

100 

But in this eftimate the amount of carbonic acid is by 
fome overfigbt greatly overrated. The quantity obtained 
from 600 grains was about 2 French pints, the weight 
of which, according to Lavoifier, would be only 66 grains j 
confidently 100 grains would yield only u grains of this 
acid. The water was obvioufly only eftimated at random, 
and as the copper was in the ftate of hydrat, certainly* 
amounted to much more than Pelletier has allowed for 
it. The corre&ed refults of the above analyfis therefore 
would be 

Copper Jo 

Oxygen 12.5 > 83.3 Hydrat of copper 

Water 20.8J 

Lime 7. 

Carbonic acid ix. 

1 01. 3 

which correfponds very elofely with the quantity ana* 
lyzed. 

The muriatic acid diffolves copper with difficulty except 
when concentrated and boiling, and then hydrogen gas is 
given out. The oxyds, however, of this metal, and spe- 
cially the green carbonat, are very readily foluble in this 
acid. The colour of muriat of copper when hot or highly 
concentrated is brown, but by dilution becomes of a grafs- 
greeo. By careful evaporation and cooling it cryftallizea 
in lengthened rhomboids, and when haftily evaporated in 
feathery cryftal*. This fait is commonly deliquefeent, 
but when both the copper and acid are quite free from 
iron is permanent in the air. It is readily foluble both in 
water and alcohol $ the latter takes up its own weight 
when boiling, *a part of which afterwards feparates in a 
cryftalline ftate as the liquor cools. The compofition of 
the cryilallized fait is, according to Frouft, 

Black oxyd of Copper 40 
Muriatic acid - 24 

Water ... 36. 

100 

A dilute folution of muriated copper in water maket 
a kind of fympathetic ink, which is colourlefs in the cold, 
becomes yellow by warming, and again lofes its colour on 
cooling. Bcfides the common muriat, the itigenious re- 
fearches of Prouft have difeovered a fecond muriat, in which 
the copper appears to be at a lower ftate of oxydation 
than in the former fait. It affords a nearly colourltfs fo- 
lution, and when folid is of a greyifh white ; it may there- 
fore without impropriety be called the white muriat of 
copper. It is prepared from the common muriat by 
means of muriat of tin, a fait remarkable for the cagernefa 
with which it abforbs oxygen from almoft all the other me- 
tallic falts. If therefore fome of this latter is poured into 
common muriat ,of copper, a precipitate falls down which 
is at firft whiter but by fubfcqutnt expofurc to air paffes 
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through different (hides of violet and bine to black* This 
precipitate is for the moft part a muriated fub-oxyd of cop- 
per. On expofnre to a moderate heat it melts like luna 
cornea. If digefted* in warm muriatic acid it readily dif- 
foVei, and is depofited, on cooling, in the form of tetra- 
hedral cryftals. With nitrous acid fome nitrous gas is 
given out, which (hews that the metal was not previoufly 
fat crated with oxygen. Another remarkable charader of 
this white muriat is, that when diffolvcd in ammon a the 
folutfon is colourlefs, though, on expofure to the air, it 
gradually acquires the (ley -blue colour of common am- 
rnoniurrt of copper. Its compofition, according (o 
Proud, is 

Muriatic acid 24.75 

Oxyd of tin i. 

Copper - 63. 

Oxygen - 11.25 


Adorning this analyfis as correft, it is obvious that the 
copper cxifts in a much lower ftate of oxygenation in this 
fall than in any hitherto mentioned, for in this the oxyd of 
copper is compofed of 63 of metal and 11.25 of oxygen, 
or (reduced to the hundred) of 84.84 copper, and 15.16 
oxygen, whereas the black copper, to which all the com- 
mon cupreous falts are reducible by lofa of their acid 
and water, confifts of 80 percent, copper, and 20 oxygen. 

There appears to be yet another ftate of combination 
of muriatic acid and oxyd of copper, alfo firft noticed by 
Prouft. It is the fubmuriat of copper , differing from the 
common muriat not by a lower degree of oxygenation in 
the metal, but in a fmaller proportion of acid. It is pro- 
duced by adding a little potato (lefs than required for fa- 
turation) to the green muriat. A green powder falls down, 
-which is the fubmuriat in queftion. This fait when boiled 
with potato lofes about 28 per cent, of its weight, and is re- 
duaed to the black oxyd. A fimilar fubmuriat is faid by 
the fame chemift to be fpontaneoilfly depofited when oop- 
per is diffolved in nitro-muriatic acid. The compofition of 
this la It is as follows : 

Black oxyd of copper 
Muriatic acid 
Water 


100. 

The native green muriat of copper from Peru appears 
to be nearly in this ftate. 

Copper feems to have a ftrongcr affinity for muriatic 
acid than even for the nitric or fulphuric. Thus, if either 
•the folid nitrat or fulphat of copper be digefted in muriatic 
acid a folution takes place, and then, on the application of 
heat, the liquor immediately lofes the blue colour, charac* 
teriftic of thefe two falts, and acquires the green of the 
muriat s alfo by flow evaporation muriat of copper is ob- 
tained in cryftals. 

Acetous acid has no adion on reguline copper, but 
its oxyd is eafily foluble in this fluid, to which it commu- 
nicates a beautiful grafs-green colour. There are two fpe- 
cies of acetited copper, the one with an excels of bafe, the 
common verdegris of the (hops, and the other in which 
the acid and oxyd are in a ftate of mutual Saturation, 
forming the cryftaliized or diftilled verdegris. 

The manufadure of verdegris is carried on to a confidcr- 
«Mc extent in moft of the Southern provinces of France* 


and a a very exad account, apparently, of the procefs hat 
been publitoed by Cbaptal, from which the following parti- 
culars are extra&ed. 

The materials for this manufadure are the marc or cake 
that remains in the wine-prefs, after the greater pact of the 
juice has been fqueezed out ; and plates of copper of con- 
venient fize and hammered well, in order to (mouth the 
furface, that the corroded portion may be readily dttacbcd 
from the reft. 

The marc of the grape is fir ft fermented by being laid 
as lightly as poflible in a large barrel and moiftened with 
common wine, and then fet in a warm airy place. In a few 
days, varying according to the heat of the weather, it be- 
gins to (well, grows hot and exhales a ftrong odour of vi- 
negar ; the fermentation then declines and the marc ts 
fit for ufe. A layer of this is then put into an earthen 
pot and a plate of copper, previoufly made fcorching hot, 
is laid upon it ; to this fucceeds another layer of marc, 
and then a plate of copper, in regular alternation till the 
pot is filled, observing that both the top and bottom lay- 
ers are of marc. The mouth of the pot is then loofdy 
(topped with draw, and the whole is left at reft from ten to 
twenty day6. 

When the marc begins to whiten the pots are unpack- 
ed, and, if the procefs has gone on well, the copper-plates 
are found covered with a green cruft, interfperfed with filky 

f rreen cryftals. The marc is thrown away 5 the plates are 
et on end on wooden racks in a cellar, and when dry are 
dipped in water and again fet to dry ; this is repeated once 
a week for fix or eight times, which makes the cruft of 
oxyd fwell and increafe both in quantity and quality : after 
which it is feraped off by a knife without difficulty. Each 
pot yields about 5 or 61 bs. of rough verdegris, and the 
plates will ferve again repeatedly till they are corroded quite 
through. 

This rough verdegris is further prepared for market by 
being ground in wooden mortars, and ex poled to the air 
till it is* Efficiently dry j and in fo doing it lofes about half 
its weight. 

Verdegris thus prepared, may be confidered as copper 
oxydated by the adion of the acetous acid, and combined 
with water, with carbonic acid, and with part of the ex* 
traftive or mucilaginous part of the marc. It is nearly 
iofoluble in water and its colour is biueito green. If 
this verdegris is digefted in diftilled vinegar ft diffolves 
readily in this fluid, and by evaporation and cooling a 
cryftaliized fait of a deep green colour may be obtained, 
which is known in the (hops by the name of diftilled verde- 
grit. The method in which this valuable fait is prepared 
at Montpellier is as follows. Common vinegar is firft dif- 
tilled in a copper alembic, and the acid thus produced is put 
with common verdegris into a copper boiler 5 when a hot 
faturated folution is thus made, it is (trained and transferred 
to another copper evaporating veffel, where it is boiled down 
till a faline cruft begins to colled on its furface ; a light 
frame of crofs (ticks is now funk into the liquor and the 
fire w put o’ut. On cooling, the acetite of copper crufts 
round the (ticks in clutters ot rhomboidal cryftals of a deep 
blucito-green colour. It requires about 3lbs. of verdegris 
to make lib. of the cryftaliized acetite. 

The compofition of common verdegris is fubjed (as 
might be expeded from the method in which it is prepar- 
ed) to a confidetable variation, and this difference is ftiU 
further increafed -by variations in the way of manufaduring 
this fait. Thus, at Grenoble, verdegris is made merely by di£ 
porting plates of copper io 1 proper room* and moiftening their 
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forfaces repeatedly with diftilled vinegar, till the incruftation 
of oxyd acquires a proper thicknefs, Hence this latter is 
purer, and approaches ntarer to the ft ate of cryftallixed ace- 
Site, than that of Montpellier. 

A hundred parts of the verdegris of Grenoble yield, ac- 
cording to Chapial, by dry diftillation, 

Carbonic acid - - - 9.1 

Water weakly acidulous - 13. 05 

Strong, and coloured acetous acid / 3.9 5 

L;f: in tiicl Copper - - 20.9 

retort / Charcoal - - 3. 


ICO. 


A like quantity of the Montpellier verdegris afforded 
Carbonic acid •• - - 8. 

Acetous acid, weak and empyreumatic, 

Copper - ... 

Charcoal .... 

ICO.' 

To the above particulars may be added fome obferva- 
tions, by Prouft, on the properties and compofition of this 
felt. 

When common verdegris is put into cold water, it gra- 
dually falls to pieces and nearly half of it is diffolved, the 
remainder is a fine green powder which diffufes itfelf 
through the liquor and fubfides very flowly. This green 
powder appears to be pure fubacetite of copper, and when 
wafhed and dried weigh3 about 42 per cent . of the original 
verdegris. When fulphuric acid is poured on it, pungent 
vapours of vinegar are given out. Boiled with potafh it 
affords 63 per cent, of black oxyd ; and when diftilled, after 
all the volatile produds have palled over, there remains 
about 52 per cent . of copper, principally in the metallic 
ftate. From thefe data therefore the fubacetite appears to 
confift of 

Oxygen fomnng black oxyd 63 

Remains for acid and water 3 7 

100 

With regard to the cryftallixed acetite, Prouft found that 
39 parts of black oxyd produce* with diftilled vinegar, 100 
parts of acetite 5 and on the other hand, that 100 parts of 
this fait, when decompofed by boiling with potafh, yield 39 
or 40 parts of black oxyd. Hence it is compofed of 

Oxygen S JJ} formin * bUck ox 7 d 39 
Acetous acid • • • 61 

100 

The diftillation of the cryftalKacd acetite fumifhes the 
moft pungent acetic acid, or radical vinegar, as has been 
already deferibed under Acetous Acm. Acetite of copper, 
befide being made by ditc& combination of its ingredients, 
may be prepared in various ways by double affinity ; of thefe 
the beft upon the whple is the following ; Make a cold fo- 
lution of lugar of lead ( acetite of lead) in diftilled water, to 
which add, by degrees, a cold folution of blue vitriol (fuU 
fhat of copper) t at long as any precipitation takes place \ 
then pour the whole on a filter, and a green liquor pafiea 
through, the fulphat of lead remaining on the filter, in the 
»©f® of a white powder. The green liquor, being concen* 
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trated by evaporation, depofits, by cooling, very pure and 
beautiful cry dais of acetite of copper. 

The natural combinations of copper with arfenic and sr- 
fenic acid have already been noticed. With regard to the 
artificial arfeniats, Scheele difeovered that when arfenic acid 
is digefted with copper filings, a green folution is formed, 
and a blue powder, which is alfo an arfeniat, is precipitated. 
The fulphat, nitrat, and muriat of copper undergo no ap- 
parent change, when added to arfenic acid ; but the acetite 
is decompofed, and arfeniat of copper is precipitated. All 
the cupreous falts, however, arc decompofed by arfeniated 
alkali, and a blue arfeniat falls down. To thtfe fads Mr. 
Chenevix has added the following : If arfeniat of ammonia 
and nitrat of copper are added, there falls down a blue cryf- 
talline arfeniat of copper. On evaporating the fupernatant 
liquor, and adding alcohol, another copious depofition of 
cryftalfl took place, of * deeper colour than the former, and 
of a rhomboidal fhape. Each of thefe arfeniats was exa- 
mined feparately, firlt by calcination at a low red heat to 
expel the water, then by potafh for the black oxyd of cop- 
per, and laftly by nitrat of lead for the arfenic acid. By 
this method, the firft arfeniat was found to confift of 
Oxyd of copper • 50 
Arfenic acid - 27 

Water - 22 

99 

The fecond arfeniat afforded 

Oxyd of copper 
Arlenic acid 
Water 


Arfenic, in the ftate of white oxyd, combines with oxyd 
of copper into a pale green powder, called, from its dif- 
coverer, Scheele' s green. It is prepared in the following 
manner : Diffolve 24 ounces of fulphat of copper in water, 
and heat the folution in a copper veflel; alfo boil in mother 
veffel 24 ounces of pearlafh, 1 1 ounces of white arfenic, 
and about 3 pints of water: when the whole is diffolved, 
ftrain each folution feparately through linen, and then add 
the arfenicated potafh, little by little, to the fulphat of 
copper, with conftant ftirring s an effcrvefcence will take 
place, and then a green powder will be depofited. When 
the whole is mixed, let it ftand fome hours, then feparate 
the precipitate by the filter, edulcorate it well with clear hot 
water, and dry it very gently in a warm room. The above 
quantity of ingredients will affords about i8| ounces of the 
powder, which may be ufed as a pigment. 

Phofphat of copper may be prepared by adding phofphat 
of foda to the nitrat, or any other readily foluble fait of 
copper , a blueilh-green fediment falls to the bottom, which 
dries to a powdery femi-cryftalline mafs. A low red heat 
turns it brown, and drives off about 15.5 per cent, of water: 
there remains a phofphat of copper, compofed of 35 parti 
of phofphoric add, and 49.5 ot oxyd of copper. 

A ftriking decompofition of nitrat of copper alfo takes 
place, when a ftick of freftt melted phofphorus is immerfed 
in a folution of this fait, and,expofea to the light By de- 
grees the copper is precipitated on the fnrfece of the phof- 
phorus, in the metallic felt, and in the form of cryftalline 
grains. 

All the felts of copper are decompofed by the alkalin 
pruffiats, and the refult is a fediment of a reddifh-brown co- 
lour, which, by drying and expofure to the air, acquires a 
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dark chocolate hoe. This pruffiat of copper mixed well 
with oil, and has been employed with fon&e fuccefs as a pig- 
ment, 

TinSure or infufion of galls throws down from all cu- 
preous folutions a precipitate of a dirty yellow colour. 

Oxyd of copper is foluble in all the other acids, forming 
with them, however, falts little known, and of little im- 
portance : the predominating colour in all of them is green . 

Of the alkalies, neither potato nor foda have any attion 
on copper or its oxyds, except that already mentioned, of 
taking away from the hydrat its water of combination, and 
reducing it to black oxyd. 

Ammonia has no a&ion on metallic copper, but diflolves 
its oxyds without difficulty. The ufual colour of this folu- 
tion is a deep blue-purple. The moil direct method of pre- 
paring it is by digefting together liquid ammonia and any 
oxyd, or carbonated oxyd of copper : the liquor becomes 
blue almotl immediately, and its colour deepens till fatura- 
tion takes place. By flow and careful evaporation, blue 
iilky cryflalB of ammoniurct of copper may be procured. 
This fait, by expofure to the air, gradually lofes its alkali, 
and abforbs carbonic acid, fo that at length it is wholly con- 
verted into green carVonat The aqua fapphirina of phar- 
mar* ind furgerv confitts, for the molt part, of ammoniated 
copper, to which ics colour is owing : it is made chiefly in 
two ways. The firft is to digeft in a glafs vtflel quick-lime, 
muriat of ammonia, verdegris, and water ; the lime decom- 
poses the muriat of ammonia, difengaging the alkali, which, 
in its turn, decompofes the verdegris, and diffolvrs the oxyd 
of copper : hence the clear liquor confifts of ammoniated 
copper and muriat of lime. The fecond method, where a 
weaker folution is wanted, is to employ lime-water inftcad of 
lime. Another way of producing ammoniated copper im- 
mediately is to fuperfaturate with this acid any qf the f^lts 
of copper, in confequencc of which the firft portions of al- 
kali dccompofe the cupreous fait, throwing down an oxyd, 
and the fuccceding portions rediffolve the oxyd, forming ji 
dark-blue folution. As there is no other metal befides cop- 
per and nickel which produces this particular colour, and as 
the latter of thefe metals is not common, the produflion of 
this beautiful tinge, by the addition of ammonia, may be 
confidercd as a very piobablc indication of the prefence of 
cr. 

Angular circumftance takes place with regard to am- 
moniated copper. If a bottle be filled with liquid ammonia, 
and a few clean copper filings be added, no folution enfuea, 
as long as the bottle is kept clofe corked. But if the bottle 
be opened for a while, and then tout again, a folution in- 
deed of part of the copper takes place, but without any 
change of colour in the liquor ; but when the bottle is again 
opened, the chara&eriftic blue tinge appears firft at the fur- 
face of the folution, and gradually fpreads down to the bot- 
tom. If now a few more copper filings be added, and the 
bottle again corked, the folution will in a toort time again 
become colourlefs, and continue fo till it is again expofed to 
the air. The reafon of thefe changes appears to be the fol- 
lowing : copper requires* fome, but only a very fmall quan- 
tity, of oxygen to be foluble in ammonia ; and when in this 
lowed date of oxydation, it forms with ammonia a colourlefs 
folution, as it forms with muriatic acid a white fub-muriat : 
but if this folution is expofed to the air, the metal abforbs 
oxygen, and is thus brought to that date in which it tinges 
ammonia blue ; being again (hut up with a few copper filings, 
the oxygen is partly abforbed by the recently added metal, 
and reduces the whole to the date of white oxyd. 

Many of the neutral (alts, efpccially the muriats, are ca- 
pable of oxydating, and, In part, of diffolving copper : this 
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is efpecially the cafe with muriat of ammonia, which, when 
made into a mafs with copper filings and a little water, and 
kept warm, prefently converts the copper into a green mu- 
riated oxyd. 

Copper and fulphur readily* unite. If equal parts of cop- 
per filings and flowers of fulphur are mixed and hefted in a 
crucible, much of the fulphur burn3 off i but the remainder 
melts into a blueito-black mafs, which is fulphuret of cop- 
per. According to Prcuft, loo parts of copper take up iu 
this way 28 of iulphur ; fo that the fulphuret is compofed 
of about 79 of metallic copper, and 21 of fulphur. No 
oxygen appears to be prefect. This fubftance is more fufible 
than copper, melting readily at a red heat. By reading in 
the open air, the fulphur is expelled : the lad portions, how- 
ever, adhere with great obftinacy*. According to Dr. 
Thomfon, fulphur and copper filings unite together, by be* 
ing merely mixed together with or without water, and ex- 
pofed for a long time to the air. 

Hydrofulphuretvd water, or any of the liquid hydroful- 
phuiets, when added to the folutions of copper, produce a 
deep blueito-black precipitate, which is a hydrofulphurct of 
copper. 

Phofphorus is capable of intimate combination with cop- 
per. If 8 parts of this metal in filings, 8 of vitreous phof- 
phoric acid, and 1 of charcoal powder, are intimately mixed 
together, and then put into a crucible, and expofed to an 
intenfe heat, the phofphoric acid is decompofed by the ac- 
tion of the charcoal, 'and the phofphoru3 m part burns off, 
and in part unites with the copper, forming a hard, fteeU 
grey, brittle alloy, capable of a high polito. A Ampler 
way of preparing the fame is to make copper filings red hot 
in a crucible, and projeft upon them fmall pieces of phof- 
pt ores, which combines with the metal, and melts down 
into a grey mafs, fimilar to the former. One hundred parU 
of copper may thus be increafed to about 12c ; but it this 
phofphuret is kept for fome time melted under charcoal 
wder, or melted glafs, part of the phofphorus burns off. 
hen this excefs iS thus got rid of, the ingredients of the 
remaining phofphuret appear to be in a date of mutual fatu- 
ration, no more phofphorus being diffipated by 1 continua- 
tion of the fuAon. In this ftate the mafs appears to confift 
of 92. 3 of copper, and 7.7 of phofphorus: it retains the 
grain and co’our of fteel, is fufceptible of a high polito, and 
does not readily tarnito in the air, but is brittle. With a 
dill lefs proportion of phofphoru?, it becomes malleable, and 
of a ycllowito- white colour. Phofphuret of copper, if kept 
in fufion, with free expofure to the air, lofes gradually mod 
of its phofphorus, which burns away with the bright flame 
and odour peculiar to this fubftance. 

The fixed oils, when kept long in contaft with copper, 
oxydate it, and diffolve a portion, by which they* acquire a 
green colour. 

The ufe9 of copper, in its various ftates, are fo numerous 
and important, as to be fcarcely inferior to thofe of iron. 
All the falts of copper are more or lefs poifonous, producing 
violent naufea, with fevere pain and inflammation of the in- 
teftinal canal. Yet from the fudden vomiting that they ex* 
cite, a large dofe may be given with fafety \ and this is 
fometimes done, when there is an immediate necefiity of 
emptying the ftomach. Copper, however* is very little ufed 
medicinally in any form. 

§ 5* Alleys of Copper. 

The alloys of copper are, upon the whole, of more im- 
portance than thofe of any other metal ; we (hall, therefore* 
treat of them with fome minutenefs. 

Copper with gold and Jilver. 
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Copper, when added in fmall quantity to either of thefe 
metals, greatly mcrrafes their hardnefa, without materially 
debating their colour or malleability : hence it has been 
generally adopted as the alloy for that portion of the pre- 
cious metals which is employed with current coin, and for 
plate. 

Copper with arfenic* 

On account of the volatility of arfenic fome precautions 
are required in the preparation of this alloy. The bell way, 
upon the whole, is to melt fome copper in rather a large 
crucible, and then to wrap up in paper fome reguline arfe- 
nic, or white arfenic, either with or without a mixture of 
charcoal powder, and to icnmcrfc the paper, with its con- 
tents, in the melted copper, either by means of a pair of 
long tongs, or by ramming the paper into a fmall crucible, 
and then inverting the crucible in the fluid metal. The 
arfenic prefently rifea through the copper in denfe white 
fumes, and if in a great part dillipated ; a portion however 
is retained by the copper, and by repeating the procefs 
once or twice more, the alloy will be fully faiurated with 
arfenic. 

This alloy is of a filvery white colour and a clofe texture ; 
it is however very brittle, and, in propoition to the perfect 
whitenefs of its colour, liable to tarnifli in the air. As fooa 
as it is brought to fufion the arfenic begins to tfcape, and 
the copper regains its malleability : the laft portions how- 
ever of arfenic are not driven off even by long continued 
heat, and although the copper regains its malleability, its 
colour remains of a dingy yellow. 

Vauquelin has difeovered that if to an alloy of copper 
anil filvcr, in equal proportions (the colour of which is a pale 
yellow), there be added 2 per cent . of arfenic, the rcfult is a 
perFe&ly white dudtile and malleable alloy. If this 
latter ingredient exceeds 5 per cent . the alloy begins to be 
brittle. 

Copper with iron . 

Thefe two metals only unite when the former of them is 
greatly in excefs. The refult is a hard, grey, and fome- 
what brittle alloy. According to Mr. Keir, the tutenag of 
the Chinefe is a white alloy of copper, zinc, and iron : it 
is hard, tough, and fufficicntly malleable to be wrought into 
candlefticks and various other articles of domeflic furniture, 
which take a high polilh, and arc fcarcely to be diftinguifhed 
from filver. Tlie inferior fort of tutenag has, however, a 
very perceptible braffy tinge. 

According to Dizc, the alloy of iron and copper only 
ceafes to be afted on by the magnet, when the proportion of 
the former is lefs than Jy of the whole mafs. Iron is much 
inferior in its power of whitening copper to tin or even to 
arfenic. 

Copper with lead . 

Thefe metals unite, to appearance, very intimately by 
fufion ; but when a mafs of this alloy is expofed to a very 
low red heat, the greater part of the lead, with a fmall por- 
tion of copper, fweats out, leaving the reft in a porous honey- 
combed ftate. When the copper holds a little filvcr, the 
lead carries the latter out with it : this procefs is called 
eliquation , and will be treated of more at large in the article 
Silver. Copper, with about a fourth of its weight of lead, 
forms pot-metal. The Roman pot metal was compofed, ac- 
cording to Pliny, of 100 parts copper, 2 lead, and 2 tin. 
The fame ingredients, but with larger proportions of the 
two latter, were the materials of many of the ancient Greek 
and Sicilian coins, as appears from analyfes of them by 
Klaproth. ; 1 

Copper with zinc* 

Copper, when nearly faturated with sine, that is, when 
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the latter amounts to about one-fourth ,©f the alloy, forms 
hrafs, of which an account has been already given* With 
a f mailer proportion of zinc, the colour of the alloy ap- 
proaches more nearly to that of gold, and its malleability in- 
creates. Mixtures, chiefly of thefe two metals, are em- 
ployed to form a variety of gold coloured alloys, known 
by the names of tombac , Manheim or Dutch golds tin/el , 
fimilor % prince Rupert's metals pinchbeck % 8 c c, the precife com- 
poiition of which varies according to the fancy or experi- 
ence of different artifts. The Dutch goFd may be beaten 
into extremely fine leaves, which when frefh are a cheap 
and good imitation of gold leaf j but they tarnifli very foon. 
The mixture may be made cither by melting together cop- 
per and zinc, or copper and brafs. In cither cafe the cop- 
per fhould be melted full, and the other ingredient added 
afterwards : being then carefully flirred together with a 
ftick, the alloy is to be poured out into proper moulds 
without lofs of time, left the zinc fhould burn off. 

A fine malleable tombac may be made with 16 parts of 
copper, one of zinc, and one of tin ; if a larger propor- 
tion of thi6 latter is added, the alloy becomes harder and 
brittle. Several Roman coins ftruck during the firft cen- 
tury of the emperors, have been analyzed by Klaproth, 
and appear to confift, fome of nearly pure copper, others of 
copper, with from a fifth to a fixth of zinc* A little tin 
and lead were found in fome, but in fuch fmall proportiont 
as to appear only an accidental impurity. 

Copper with tin. 

The alloy of copper and tin are extremely important in the 
arts, and curious as chemical mixtures. Tin added to copper 
makes it more fufible, lefs liable to ruft or be corroded by 
the air and other common fubftances, harder, denfer, and 
more fonorous. In thefe rcfpefls the alloy has a real ad- 
vantage over qnmixed copper $ but this is in many cafes 
more than counterbalanced by the great britUencfs which 
even a moderate portion of tin imparts, and which is a Angu- 
lar circumftance, confidering how very malleable both me- 
tals are before mixture. 

The feofible qualities of the different mixtures of thefe 
two metals are tne following : Copper, alloyed with from 
one to five per cent, of tin, is much harder than before ; its 
colour is yellow, with a caft of red, and its fracture is granu- 
lar : it is ftiii confidently malleable. This appears to be 
the ufual compofition of many of the ancient edged tools 
and weapons before the ufc of iron ; whence it appears that 
the ancients did not poffefs (as has often been fuppofed) 
any peculiar art of hardening pure copper, otherwife than by 
mixture. An alloy in which the tin is from to -J- of the 
whole is hard, brittle ; but ft)H a little malleable, dole- 
grained, and yellowifli- white. When the tin is as much as 
\ of the mafs, it is entirely brittle, and continues fo in every 
higher propoition. The yellownefs of the alloy is not en- 
tirely loft till the tin amounts to ^ j of the whole. 

Copper (or fometimes copper with a little zinc} alloyed 
with as much tin as will make from about to -f of the 
whole, forms an alloy which is principally employed for 
bells, brafs cannon (fo called), bronze ftatues, and various 
other purpofes. Hence it is called bronze or bell-metal) and 
is excellently fitted for the ufes to which it is applied by its 
hardnefa, denfity, fonoroufnefs, and fufibtlity. For cannon 
a lower proportion of tin is commonly ufed. According to 
Dr. Watfon, the metal employed at Woolwich confift s of 
too parts of copper, and from 8 to 12 of tin ; hence it re- 
tains fome little malleability, and therefore is tougher than 
it would be with a larger portion of tin* A common al- 
loy for bell-metal is 80 of copper and 20 of tin ; fome 
artifts add to thefe ingredients zinc, antimony, and 'filver, in 



COPPER 

ftfiall proportions, all of which certainly improve the fonor- 
oufnels of the compound. 

When in an alloy of copper and tin, the latter metal 
amounts to about. $ of the mafs, the refult is a beautifully 
while alloy, with a luftre almoft equal to that of mercury, 
extremely hard, very dole-grained, and pctfe&ly brittle. 
It takes an exquifile polifb, which well adapts it for the re- 
Ik&ion of light for all optical purpofes. It is called fpecu • 
turn metal, and, befides the above ingredients, generally con- 
tains a little arfenic, zinc, or filver. 'The application of an 
alloy, funilar to the above, to the con II ruction of mirrors, 
i* of great antiquity, being mentioned by Pliny. From 
the actual amlylis, by Kbproth, of a portion of an ancitnt 
ipcculum, it appeared t<> confiO of 
Copper 62 
Till J2 

Lead 8 


Of thefe ingredients the lad is confirtered by Klaproth, 
with high probability, as only a cafual adulteration of the 
tin. 

When the amount of the tin exceeds that of the copper, 
the alloy begins to lofe its fplendid whitenrfb, and acquires 
a blueilh-grey hue ; its texture likewife becomes rough- 
grained, and, as it were, rotten and incapable of receiving 
a polifh. 

A pcrfe& fpeculum metal Ihould be quite white, without 
(hewing any call of yellow when polilhed, not very liable to 
tarnifli, quite free from pores, even when examined by a lens, 
of a certain coherence or toughnefs to bear the grinder, and, 
for the convenience of working, as foft as may be confid- 
ent with the other rtquifites. 

Mr. Mudgc, whofe fpccula were celebrated for their 
goodnefs,* obferves, that the extreme of whitenefa is given 
by 32 parts of copper and 16 of tin, but this compound is 
too hard and brittle ; 32 parts of copper with 14^ of tin 
form an alloy quite white, and as hard as can be wrought. 
In order that the metal Ihould turn out free from pores, it 
ought to be twice fuled, once for mixture of the ingredi- 
ents, and afterwards, with as little heat as poflible, for 
calling. 

The following observations on the fame fubjeft are ex- 
trafted from an elaborate paper by Mr. Edwards, publilhed 
in the Nautical Almanack for 1787. 

The quality of the copper Ihould firft be tried by adding 
fucceilively from fo much Ihort of half of its weight of tin, 
that the mixture proves a little yellow, to the full half of 
tin, and by comparison of the various famples afeertaining 
the maximum of whitenefs. When this is found, take 32 
parts of copper* melt it, then add one part of brafs and the 
fame of filver, with a little black flux to cover the Surface ; 
when thefe are melted ftir them together with a wooden rod, 
and pour in from 13 to 16 parts of tin (as afeertained by 
revious experiment) fufed in a Separate crucible, at a low 
eat; then ftir the mixture again, and immediately pour 
it into cold water. Re-melt, with as little heat as pomble, 
the alloy thus formed, and for every 16 parts take one of 
white arfenic, wrap it in paper, thruft the packet to the 
bottom of the fluid metal with a wooden rod, and ftir it well 
as long as any arfenical vapours arife ; when thefe ceafe pour 
the metal into a mould of fand, and as foon as it has folidi- 
fled lay it in a ‘pot full of very hot embers, and cool it very 
(lowly : unlefs this precaution is pat ticularly obferved, the 
metal will fly in pieces when cold, or will fplit in the 
poliihing. 
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The brafs, the filver, and the arfenic in this compo* 
fit ion appear to have their diftin£l ufc $ the brafs makes the 
mixture tougher, and fomewhat foftilh, the filver improves 
its colour, and the arfenic renders the texture remarkably 
fi ler* clofer, and lefs porous ; a larger proportion of this 
however would make the metal liable to tarnifli 

Sir J. Newton’s fpecula were compos'd of 6 parts of cop- 
per, 2 tin, and 1 arfenic j they are upon the whole very 
good; but after being puliihea exhibit .a rather yellow 
call. 

The other alloys of copper are not of much importance, 
and will be found under the rdpe&ive metals to which they 
belong. 

Copper, white, a kind of metal white as filver, frequently 
brought from China, and fuppoied by many to be natural. 
But it is only an allay of copper, zinc, and arfenic, in cer- 
ta ; n proportions. It is made with difficulty, becaufe of the 
volatility of the two femi-mctals ; and, as its quality isnoxi. 
cus, it is not much ufed. 

Copper, in Military Jljfairs. No other metal is allowed 
in magazines, or for barrels of gun-powder. 

Copper, in Calico-Printing , a veflel in which the opera- 
tions of dyeing, dunging, rinling, & c. are performed, 
and which derives its name from the material it is generally 
conftru&ed of. As thefe veffels are ufed indifferently for 
any of the above purpofes, their fr/.e, form, and arrange- 
ment, are generally the fame, and vary little throughout 
the whole kingdom, They are always circular, from 
to 3 feet diameter at the top ; 3^ to four feet deep, and 
about the fame in width, acrofs the bottom, which is the 
thickeft and ftouteft part of the veflel. This circular form, 
though in general ufe, is perhaps the worft that could have 
been devifed for the purpofe of calico-printing. It is no 
doubt the firft that was employed, and has advantages in 
point of folidity of form, and cafe of trail Iportation from 
one place to another, over any other. For the purpofe of 
dyeing, however, or any operations where goods are kept for 
a long time at a boiling heat, and turned over the winch, 
it is the moft inconvenient that could have been adopt- 
ed. 

In a veflel of this fize and form, it is cuftomary to dye 
from fix to twelve pieces of twenty-eight yards each, at one 
operation. The goods are difpofed either in two lengths of 
four or fix over the winch $ or, when quick turning is ne- 
cffiary, in one length only, in which cafe, fix pieces, or at 
moft eight, are difpofed equally over the wholc.furfacc of 
the winch. In this latter cafe, the inconvenience of the 
circular form is particularly felt. It is evident that when 
fix or more pieces are crowded upon a winch, thofe which 
are at the extremities will have little or no fpace in which to 
float, without difturbing thofe which are nearer the centre ; 
whilft, on the other hand, thofe which are in the middle 
will have more than fuflicient, and will float in the copper, 
fcarcely ever touching its (ides. In confcquence of this, 
the pieces at the extremities of the winch, being crowded, 
will prefs along the fides of the copper, and thus be expofed 
to greater heat and hazard of copper-marking, than thofe 
which are in the middle. Their difpofition on the winch 
will alfo be deranged, and the copper-man, with all his care 
and attention, will be unable to preferve that order and re- 
gularity in the diftribution of their folds, fo cffentially re* 
quifite in good dyeing. When the copper is in a ftatc of 
ebullition, thefe evils increafe, and it rarely happens that the 
moft experienced dyer can keep his goods disengaged, or 
prevent their getting completely faftened, when be has two 
lengths of fix over the winch, and keeps them twenty or 
thirty minutes at an aftual boil. 
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By adopting a fquare, or, what ia ft ill better, an oblong 
veffel of the fame capacity as the former, thefe inconveni- 
enced are in a great meafuredone away ; the goods have all 
equal fpace to float in, arc equally removed from the centre 
and fides of the veffel, and preserve their order and difpo- 
fition on the winch, even in a ft ate of ebullition, with eafe, 
certainty, and comparatively trifling attention. 

Dye-coppers are generally fet up in brick work, with 
each their feparate and diftirft fire-place, chimney, &c. 

The fame principle* apply to the heating of thefe vef- 
fels as to all other boilers, but we need not enter here upon 
a fobjeCl which will be more fully treated of in another part 
of this work. The recent improvements in the applica- 
tion of fleam, as a vehicle of heat, are however of fuch im- 
portance, and have at this moment excited fuch general in- 
tereft amongft dyers, and calico-printers, as to claim a fhort 
notice in this place. 

Mr Gott, of Leeds, was the firft who applied fleam in 
“the large way, to the heating of dye-coppers, and the 
fucctf6 of his experiment was fo complete, as to induce many 
others to follow his example. This m>»de, which is the 
fimpleft and raoft economical that can be employed, confide 
in throwing the fleam directly into the dyeing vefftl. One 
fleam boiler, fituated at the extremity of the building, fup- 
pli es his numerous coppers which arc difpofed promifcuoufly 
about the dye-houfe, unincumbered with fire-places, afh- 
pits, chimneys, See. and limply furrounded with a caf- 
ing of brick, to fupport the copper, and confine the 
beat. 

The fleam is conveyed in horizontal pipes, carried along 
the ceiling of the dye-houfe, from which defeend vertical 
tubes of from J of an infill to 2 ^ inches diameter, accord- 
ing to the fize of the copper they belong to. Thefe fleam 
tubes all pafs down on the outfide of their coppers, and en- 
ter them horizontally at the level of their bottoms ; and are 
furnifhed with brafs cocks for regulating the admiffion of 
the fleam, or entirely interrupting it when the copper is not 
wanted. 

The rapidity with which thefe coppers are heated, is truly 
aftoniftiing. One of th$ largefl in Mr. Gott's dye-houfe 
of 1 800 gallons capacity, according to count Rumford, was 
brought to the boiling point in half an hour. The faving 
of fuel, though in genera! ov^r-rated, is another advantage 
gained by this mode of applying heat. Mr. Gott dates 
this at two-thirds of the quantity confumed when the cop- 
pers are heated by feparate fire-places ; but this is evidently 
too much. The faving confifts in the application of fire to 
one veffel only of large dimcnfions, inftead of to a number 
of (mall ones ; and though this is certainly accomplifh- 
ed with iefa expence of fuel, yet, if the fire has been 
well and properly applied in the latter cafe, thejaving will 
amount nearer to one-third than to two. 

The burning of the copper fidcs and bottoms, when heat- 
ed by a naked fire, is a heavy cxpence in a large eflablifh- 
ment, and often a fource of ferious inconvenience. By the 
application of fleam, this ia entirely done away, and even 
copper veffels themfelvca, for many operations, rendered 
wholly unneceffary. Wooden veiTeU have been fubflituted, 
with great advantage, in their dead, and when the ule of 
copper cannot be difpenfed with, it may be employed in 
thin fheets, fupporttd by a frame work of brick or wood. 
Important as thefe advantages arc in an economical point of 
view, the fydem of deam-heating has, if poffible, dill more 
powerful recommendations. The eafe, elegance, and regu- 
larity, with which the heat can be tranfmitted by a fleam 
tube, arc of themfelvea fufficient to entitle it to decided 
preference. 
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By the adjuflment of the fteam«cock, the rate of heat- 
ing is fo regulated, that the copper may be brought to the 
boiling point in any given time, with an exa&nefs &s well aa 
celerity, unattainable by the other mode. The heat may 
in an inftant be withdrawn, or rendered dationary at any 
fixed point, by a tingle turn of the cock, the fird of which 
is impra&icable, and the latter extremely difficult, when 
the coppers are heated by feparate fire-placea. The fidea 
and bottom of a dyeing copper, expoftd to a drong and 
naked fire, are always much hotter than the dye-liquor, and 
oCcafion copper-marks and unevennefs in the goods, in fome 
cafes difficult to avoid. This inconvenience is entirely re- 
moved by the ufe of deam, fuice the dyeing-veffel deriving 
all its heat from the heated liquor within it, can never, it 
ia evident, acquire a higher temperature. 

The fuccefs of Mr.Gott’s experiments was fuch, that many 
of his neighbours, at fird much prejudiced againtt it, imme- 
diately adopted the plan. With a liberality worthy of imi- 
tation, his dye-houfe was open to all inquirers; and fuch 
was the intereft excited by this new and extraordinary mode 
of applying heat, that experiments were immediately infli- 
cted in different parts of the country, with a view of ex- 
tending this improvement toother branches of the an of dye- 
ing. Mr. Gott had proved and edablifhed the pradlice as far as 
the dyeing of woollen goods was concerned, and little more 
remained to be done; in its application to calico-printing and 
the dyeing of lighter goods, however, difficulties occurred, 
of fuch a nature, as wholly todifeourage many whofc trials 
were made iu a hafty ill-concerted manner, and confidcrably 
to embarrafs thofe whofe experiments were conducted with 
greater fkill and patience. 

The great, and only well-founded, obje&ion arofe from 
the agitation into which the water was thrown when it ap- 
proached the boiling point, by which the goods were en- 
tangled and fattened, much more than in the ordinary mode. 
This inconvenience was not felt in Mr. Gott’s dye-houfe, 
where the goods bring woollen, and of much greater weight 
and fubftance, were lefs liable to be toffed about by the af- 
ccnding currents from the fleam-tubes than the thin and 
lighter goods manufa&ured from cotton. The evil was of- 
ten increafed by want of fufficient attention to the regulation 
of the fleam-cock ; thrice the quantity of fleam neceffary 
to maintain the copper at the boiling point being admitted, 
whicli, retaining its ciaftic form at that temperature, pafftd 
through the copper uncondenfcd, and threw the goods into 
the greateft confufion. 

To diminifh the agitation, it has been found neceffary to 
break the force of the current, by introducing the fleam 
in fmall quantities, through two or three different 
openings, or in foma cafes by introducing a falfc bot- 
tom, pierced full of holes, between the goods and the end 
of the fleam-tube; by this means, and Sill more by. care- 
fully admitting only the neceffary quantity of fleam, the 
agitation may be fo far reduced, as to be no longer trouble- 
fome. 

The accumulation of condenfed water in the dye-copper, 
is a neceffary confluence of this mode of applying fleam, 
and cannot be avoided. Where it is an obiett to diminifh 
this as much as poffible, it may be accompli/hcd by ufing 
flrong, or which ia the fame tiling, very hot fleam ; but it 
does not appear that any great inconvenience refults from 
this trifling increase, which ceafes when the copper has at- 
tained the boiling point, due allowance being made for it 
in* the firft inftance, when the veffel ia filled with cold 
water. 

When ftrong fleam is rapidly throwa into a veffel filled 
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with cold water, the condenfation is inftanfcaneous, and at- 
tended with a loud noife 9 and violent (hock, 

We have feen a done ciftem of large dimenfions, and 
firm joinings, nearly (haken to pieces by the incautious 
tidmiffion of fteam, and many of the early experimenters 
complained that their coppers were nearly knocked to pieces, 
and that few would hold water after being heated once or 
twice. 

This inconvenience may be correfttd by flopping the end 
of the fteam tube, and piercing the fides full of fmall holes, 
or, which is ftili better, by turning up the end of the pipe, 
and fixing a valve in it. In either cafe the fteam is emitted 
through the openings in ftreamletf , or (heets of final! volume, 
whofc condenfation is attended with trifling noife, and little 
agitation of the veflel. Several dye-houfes in JLancafhire 
and Chefhire have been fitted up on thefe principles, and, 
the coppers, thi s heated, are ufed, with few exceptions, for 
every purpofe of calico-printing. 

Mr. Gott, as we have before Hated, was the firft who in- 
troduced this improvement on a large fcale, the idea of 
which, count Rupnford informs us, was derived from the pe- 
rufal of his feventh Effay. We know not what (hare the 
counts publication might have in deciding the trial, but the 
idea of heating 1 water by fteam had occurred long before 
that time to Mr. Watt ; and, if we miltake not, a warm 
bath at Soho had been heated in this way, and feen by 
Mr. Gott, and many others, to whom the idea of its appli- 
cation to more ufcful purpofes had naturally occurred. 

For fome few purpofea wc believe this mode of applying 
heat, by throwing fteam dircftly into the dye-copper, is lefs 
advantageous. When goods, for example, are kept a long 
time at a low heat and never boiled, the accumulation of 
condenfed water, in this cafe, continues to the end of the 
operation, and weakens confiderably the effe& of the dye. 
All the advantages of this mode may, however, be obtained 
without any of the inconveniences we have before alluded 
to, by furrounding the dyeing -veflel with a cafing of caft 
iron, and throwing the fteam in between this and the copper. 
The heat in this cafe is tranfmitted through the fides of the 
copper, as m the ordinary mode of heating by a naked fire, 
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and the condenfed water is carried off from the cafing either 
by a reverfed fyphon, eight or nine feet long, or, when the 
fituation will not admit of this, by a floating valve. In this 
way the noife and Ihock, from the rapid condenfation of 
fteam in cold water, the agitation in the dye-copper, and the 
condenfed water, are all completely got rid of. The appa- 
ratus is, however, lefs fimple and much more expenfive than 
the former. 

A ttrong fteam is neceffary to produce the boiling heat in 
a dye- copper cooled by the continued expofure of the goods 
on the winch, and the veflel and joints muft be found and 
ftrong to fupport this preflure. Both modes have their ad- 
vantages, and will, we have little doubt, in a few years 
entirely fuperfede the ordinary mode of heating by feparate 
fire-places. 

Copper mint, is a (lain, decolouration, and unevennefs in 
dyed goods, canfed by contadl with the fides of a hot or 
dirty copper, during the operation of dyeing. In the ordi- 
nary mode of heating, as has been obferved in the foregoing 
article, the bottom and fides of a dyeing-veflel, when expofed 
to a ilrong and naked fire, are much hotter than the dye- 
liquor. When this is the cafe, and the colours pale and de- 
licate, fimple contact with the hot copper is fufficient to 
caufe unevennefs, either by affefting the hue by the excels 
of heat, or enabling the mordaut to combine with an extra 
portion of colouring matter. This inconvenience is its g»fne* 
sal remedied by placing a bafket of wicker work within the 
copper, which prevents the goods from touching the fuJei 
of the veflel j it is (lill more completely guarded againll by 
heating the copper with fteam, in the manner already de- 
ferred. 

The fides of a coppef will often occafion marks or ftaina 
when the veflel has been negligently wafhed out, and cfpc- 
cially when it has not been ufed for fome time. A dye* 
copper not in ufc (hould always remain filled with clean 
Water. It prevents the formation of a ruft on its furface, 
which fimple waftiing will not remove, and which afts as a 
mordant, and fixe9 the dye whenever it touches the' 
cloth. 



Copying of Letters 


COPYING of Letters* and other writings . The ce- 
lebrated Dr. Franklin made feveral effays, many years ago, 
for fpeedily multiplying the copies of his own hand-writing, 
which he exhibited to M. Alexis Rochon, of the French 
National Inftitute, and director of the Marine Obfervatory 
at the port of Brcft ; an account of which he has given in 
his memoir on the Typographic Art. This method con- 
fined in writing upon fmooth paper, with ink containing much 
gum, which was afterwards landed with emery, or powder 
of caft-iron, and by means of a rolling-prefs, fuch as is 
nfal by the copper-plate printers, the ftrokes of the writ- 
ing were transferred to a plate of rofe copper or pewter. 
This plate fupplies as many copies as the depth of the en- 
graving can allow ; but the copies are far from being beautiful, 
and the ground is fpottedand fpoiled. Before Dr. Franklin’s 
procefs was communicated to M. Rochon, he Ihcwcd him 
that by writing with a fteel point on a copper- plate previous- 
ly varnifhed, a more fatisfattory refult might he obtained, 
by etching the Itrokes with nitric acid to a fufficient depth, 
for the fubfequent ufe of a liquid ink fimilar to that of 
the printers. In this cafe, the plate may be wiped with- 
out precaution, and twelve or more copies may be pulled off 
upon coarfe paper. Thefe proofs are foul and reverfed ; 
and, therefore, in order to have them neat and in the proper 
direttion of the writing, it becomes nectffiry jo place the 
fame number of leaves of white paper, wetted and prepared, 
upon the twelve proofs ; and while the ink i9 ftill frefh, the 
whole being paffed together through the rolling-prefs, 
the fame number of leaves of counter-proofs are obtained 
as there were proofs; fo that inftead of twelve turns of the 
prefs, thirteen will be required to fupply twelve counter- 
proofs, very black, neat, and legible, even when the plate 
has not been perfe&ly wiped. This method is certainly not 
to be compared with fine engraving ; but it may be ufeful 
in military operations, and all other cafes in which a fpeedy 
multiplication of copies is required. No precaution is here 
neceffary $ whether the nitrous acid be more or lefs ftrong, 
or remain a longer or (horter time upon the plate, or whe- 
ther the plate be fomewhat heated to increafe the ftrength 
of the folvent, the procefs of the operation will never fail ; 
provided the fteel point made ufe of to trace the charatters 
through the varoifh, fhall lay the copper perfe&ly bare. It 
is of advantage that the nitric acid fhould bite deep, be- 
cause the counter-proofs are, by thefe means, much darker. 
The plate need not be well wiped, becaufe it is of no conft- 
quence whether the proof which is ufed to afford a counter- 
proof fhould be very clean, provided that it does not fpot 
the copy intended to be procured. The mod liquid kind 
of primers ink may be uftd. See Engraving and Ste- 
reotype. 

In 1780, Mr. James Watt, of Birmingham, obtained a 
patent for a new method which he had invented to this pur- 
pofe ; of which the following defeription is given in his fpe- 
cification : Let the letter or other writing, that is intended 
to be copied, be written with the ink hereinafter deferibed, 
or with any other writing-ink fit for the purpofe. Take a 
piece, or pieces, of thin paper which contains no fize, or 
glue, or gummy or mucilaginous matter, or which at leaft 
does not contain fo much fize, or other matter, as would 
make it fit for being written upon* Cut this paper, or 
papers, to the fize and (hape of the writing of which a copy 
is wanting ; moiften or wet the fame thin paper with water, 
or other liquid, by means of a fpunge or brufh, or by dip- 
ping, or otherwife. Having moiftened or wet the thin 
paper, lay it between two thick unfized fpungy papers, or 


between two cloths, or other fubftancca capable of abforb- 
ing the fuptrfluvius moifture from the thin paper; when it 
has been flightly .prefled between fuch thick fpungy papers, 
or other fubftances, by the hand or otherwife, lay the fg»d 
thin paper, fo moiftened and preffed, upon or under the fide 
of the writing which is to be copied, and in fuch manner 
that the one fide of the faid moiftened paper fhall be in con- 
tatt all over the fide of the faid writing, fo intended to be 
copied ; and that to the other fide of the faid moiftened thin 
paper, there fhall be applied a piece of clean writing-paper, 
Or cloth, or other fmooth uniform fubftance. Lay the faid 
writing intended to be copied, with the thin moiftened paper 
intended to receive the copy, (placed refpettivcly as above 
diretted,) upon the board of a common rolling-prefs, or of 
that of which a defeription and drawing are hereunder written 
and drawn, and prefs them once, or oftener, through the 
rolls of the faid prefs, in the fame manner as is ufed in print- 
ing by copper-plates ; or, inftcad of ufing the faid or any 
roliing'prelB, fqueeze the faid papers, placed refpettivcly in 
the manner above deferibed, in a ferew-prefs; or fubjett 
them to any other preffure fufficient for the purpofe ; by 
mcan 3 of which preffure, in whatever manner applied, part 
of the ink of the writing intended to be copied fhall prefs 
from the faid writing into, upon, and through, the faid thin 
moiftened paper, fo that a copy of the writing, more or lefs 
faint, according to the quality of the ink and paper em- 
ployed, fhall appear impreffed on both fides of the faid moif- 
tened paper, v/s. upon one of the fides in the natural or 
proper order and direction of the lines, as thc-y are in the 
original writing, and on the other fide in the reverfe order 
and direttion. But, in order to make the imprefiion or copy 
of the writing more ftrong, legible, and durable, it i6 pro- 
per and ufeful to moiften the faid thin paper, which is to re- 
ceive the copy or impreffion, with the following liquor, in- 
ftcad of water or other liquid, and to proceed in all other 
refpetts as is above diretted ; or to moiften the faid thin 
paper with the following liquor, and to dry the faid paper, 
and, when a copy of a writing is required to be taken, the 
faid paper, thus previoufly prepared and dried, ought to be 
moiftened with water or other liquid, and to be proceeded 
with in all other refpetts as has been diretted. The faid 
liquor to be ufed for moiftening the faid thin paper, or for 
preparing the faid paper previoufly to its being ufed, is made 
in the following manner: Takeof diftilled vinegar twopounds 
weight, diffolve in it one ounce of the fedative fait of borax ; 
then take four ounces of oyfter-fhclls, calcined to whiteuefs 
and carefully freed from their brown cruft, put them into 
the vinegar, fhake the mixture frequently for four-and- 
twenty hours, then let it (land until it depofits its fediment ; 
filter the clear part through unfized paper into a glafs vcffeJ, 
then add to the faid mixture or folution two ounces of the 
bed blue Aleppo galls bruifed, and place the liquor in a 
warm place, fhaking it frequently for twenty-four hours; 
then filter the liquor again through unfized paper, and add 
to it, after filtration, one quart, ale meafure, of diftilled or 
other pure water. It mult then ftand twenty-four hours, 
and be filtered again if it fhews a difpofition to depofit any 
fediment, which it generally does. The liquor, thus com- 
pounded and prepared, is to be ufed as hath been di- 
retted. . 

N. B. In place of the vinegar, any other liquor impreg- 
nated with a vegetable acid may be ufed ; and, in place of 
the galls, oak bark, or any other vegetable aftringent, or 
fubftance which is capable of becoming black, or deep co- 
loured, with folutions of iron ; and, in place of the oyfter- 
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(hells, any other pure calcareous earth may be ufed. But 
if the impreflions are not wanted to be very black, and the 
writing ink is good, water itfeif may be ufed to moiften the 
thin paper, as herein fir ft dirc&cd. It may be found neccf- 
firy to add more or lefs water, in the preparation of the 
above liquor to be ufed for moiftening the thin paper, or to 
vary the proportions of the other ingredients, according as 
they are more or lefs perfe&or ftrong, eras the imprefiion is 
required to be more or lefs deep coloured. The writing-ink, 
which the patentee ufes for letters or writings intended to be 
copied, is prepared as follows : Take four quarts, ale meafure, 
of fpring waterj one pound and a half, avoirdupoife weight, 
of Aleppo galls } half a pound of green copperas or green 
vitriol} half a pound of gum-arabic j four ounces of roach- 
alum; pound the folid ingredients, and infufe them in the 
water iix weeks or two months, during which time the liquor 
(hould be frequently lhaken ; drain the liquor through a 
linen cloth, and k cp it in bottles, cloftly corked, for ufe. 

Plate III. Mifcel!any,fg, j. reprefents a front or end view of 
the rolliog-prels invented by Mr. Watt, and referred to in the 
above fpecification. ABC is one of the ends of an iron or 
wooden frame, which ferves to conned the two rollers, D,D, 
are two wooden or metalline rollers, turned txtremely exad, 
or truly cylindrical, and which are mounted on iron axles, 
firmly fixed in them. E E is a double-ended lever, by means 
of which the roller, on whofe axle it is applied, may be 
forcibly turned round. F F reprefents the board of the roll- 
ing-prefs, on which the writings to be copied are to be laid. 
N N is a piece of cloth, or other elaftic pliable fubftance, 
placed next the roller, and above the writings to be copied ; 
and the board, G, is a ftrong plank of wood, or plate of 
metal, ferving to conned the two end-pieces of the frame at 
bottom. H H reprefents the edge of a common table, to 
which the prefs may be failtncd by the iron fere w-cramps 1,1, 
K is a flit, of which there is one in each end-piece of the 
frame ; thefe flits are filled with elaftic Heel, or other me- 
talline fprings, or with fome other elaftic fubftances which 
ftrve to prefs the two rollers forcibly together. L is a brafs 
bolder, fupported upon the fprings, and ferving to fupport 
the end of the axis of the under roller. 

Fig. 2. reprefents' a fide view of the rolling-prefs, in which 
A 13 , A B, are the two end-pieces of the frame. D, D, are 
the two rollers. E is the double-ended lever. G is a ftrong 
plank, or plate of metal, which forms the bottom of the 
frame. H H is the table on which the prefs ftand9. I is 
one of the iron cramps which fallen the prefs to the table ; 
and M is a bar of iron which conneds the upper part of the 
frame. 

Fig. a. reprefents a ferew-prefs, which may be ufed, in- 
ftcad or the rolling-prefs, in taking off impreflions from 
writings. A A is a double-ended lever. BB the ferew. 
C a block of wood, or metal, which the ferew ads upon, 
and which is attached to it. D D the frame of the prefs, 
made of iron or wood. E E is a moveable board, on which 
the writing to be copied is to be laid, with a cloth over it. 
F F the bottom or foie of the prefs, made of wood or metal. 
Be it remembered, that thefe preffts are made of different 
iizes, according to the fixes or largcncffes of the writings 
intended to be copied. Thofe now referred to are drawn 
from one fufficiently large to take an imprefiion from a folio 
page of writing or poll paper, and are drawn to a fcale of one 
inch and a half for each foot, or one-eighth of their natural 
fize. 

Fig* 4. reprefents one of Hawkins’s patent polygraphs, 
for making two or more copies of any writing at once. 
AAB, is an upright frame, from the upper piece of 
which is fufpended a double parallel ruler, D D, EE; 
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dd % ee % is another fimilar parallel ruler, of which Jig* 5. is 
a plan, faftened to the board, F F, of the inftrument. 
Thefe two rulers are conneded to a ftout bar, G ; the ver- 
tical one, D D E E, by pivots at the end of the bar, H, 
Jig, 4. going into holes in the projeding part of two piece* 
of brafs, gg, at each end of G ; and the horizontal one, dd 
ce, by pivots at the ends of its correfponding bar, b* work- 
ing in holes in another arm of the fame braffes. Th$ pens 
arc conneded with the bar, G, by a curved braf3 limb, a % 
turning on a ferew put through the bar, G, as a centre. 
.On the other fide of the bar is a fhort arm, b> in the fame 
piece with the limb : this is jointed at its upper end to the 
end of a fmall rod, /, the other end of which is jointed to 
another cxadly fimilar limb, carrying the other pen. The 
pens are fitted into a fmall tube, called the pen-tube, having 
a ftioulder at its upper end. This fits tight into another 
tube, in the fame piece with the curved limb, and is pufticd 
in ns far as the fbouldcr of the pen -tube will allow. 

The weight of the machinery is fufpendtd by eight fmall 
fpiral fprings, I, faftened to a ring fixed to the bar, G ; 
their upper ends arc conneded with the end of a double 
jointed lever, K, which can follow the motion of the bar, 
G, without ftretching the fprings too much. The rod, L. by 
which the perpendicular motion is fufpended, turns upon 
pivots working in pieces of brafs beneath the piece, B : the 
right hand one is called a regulator, and has two ferews, one 
moving the pivot vertically, and the other horizontally, for 
adjtifting the inftrument. The two bars, ee % of the hori- 
zontal motion arc conneded with dd by pivots at the 'end 
of h> fo that dd can be lifted up without moving the other, 
whofe weight is fupported upon two fmall brafs wheels /, /. 
The frame, AAB, whtn the inftrument is not in ufe, turns 
down on the board, F F, and is kept fall by a fpring lock, 
which is opened by pufiiing in a round button, k. The 
frame now forms the fides, and the front boaid becomes the 
lid, and, when fhut down, is locked by a lock, M. In ex- 
plaining the ufe of the inftrument, we cannot do better than 
Copy the printed diredions fold with the inftrument. Choofe 
two goofe quills, taking care they are of the fize wanted ; 
make them into pens, and put them into the pen-tubes. 
Having introduced them with the nibs firft, apply the (boul- 
der end of the pen-tube againft the femi-circular hollow, in 
the upright part of the gauge, Q^Jg- 4* an< * pufli the pen 
through the tube, till the nib reaches a line drawn acrofs the 
end of the gauge ; Aide the pen-tube into the fixed focket, un- 
til the Ihoulder of the pen-tube ftop it, holding by the fix-ed 
focket, and not by the work, fo as not to drain the machinery. 
If the polygraph is in order, the pens will now write, draw, or 
copy whatever may be required, with the greateft exadnef*. 
To prove the machine's being in order, bring the pens to the 
upper part of the paper, and try if they both touch 5 if not, 
with a fmall ferew-driver turn the perpendicular ferew of the 
regulator, till they touch equally. Bring the pens to the 
bottom of the paper, and move the horizontal ferew till they 
both touch. When a pen wants mending, nothing more is 
neceffary than to take the pen-tube out ofthe focket, mend 
the pen, gauge it, and return it into the focket again* 
When the machine is out of ufe, wipe the pens clean, and 
place the left one, with the curvtd limb, on the hook be- 
neath the horizontal rulers. Let down the frame, AAB, 
which fallens by a fpring -lock, and at the fame time raifea 
the writing-board, which then becomes the lid of the port* 
able cafe for the polygraph. 

The patent now belongs to Mr. Farthing, Cornhill, who 
manufactures the inftrument 9 . 

Thefe inftrumente are made with three, four, and five pens, 
and anfwer the purpofe very well. 
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CORDAGE, is ufed, in general, for all forts of rope* 
and cords, great and fmall ; and more particularly for thofe 
that are ufed in the rigging and fittfhg out of fmall vcffela. 
The word is alfo ufed for the art of preparing and manu- 
fathiring the ropes, &c. See Cable. See alfo Rope, 
and Rigging. 

The naval cordage of different ages and nations has been 
formed of very different materials. Thofe of the earlier ages 
were probably thongs of hide or leather; the ufe of which 
was retained by the Caledonians in the third century, and by 
the nations north of the Baltic in the ninth and tenth cen- 
turies. They are even now ufed as ropes in the weltern ilka 
of Scotland. Thefe were fuperfeded in the fouthern parts 
of Britain, and on the continent, at an early period, by iron 
chains. Accordingly wc find, that is the maritime and 
commercial country of the Veneti, who were intimately con- 
Defied with the Belgrc of Britain, iron chains were uftd for 
cables in the days of Cafar. However v in the more im- 
proved countries of the fouth, thongs of leather arid chains 
cf iron had long given place to the ufe of vegetable threads 5 
and the art of combining them into flrong cords was under- 
Rood and pra^kifed. In this manner the Greeks ufed the 
common rulhes of their country, and the Carthaginians ap- 
plied to the fame purpofe the fpartium or broom of Spain. 
And as all the cordage of the Romans was formed of thefe 
materials, at their lad defeent on our ifland, the art of manu- 
fafturing them would neceffarily be introduced with the Ro- 
man fettlcments among the Britons. Under the direction 
ef the Roman ertifts, their junei, or rulhes, would be wrought 
into cordage. Accordingly the remains of old cables and 
ropes arc (till diftinguilhtd among the Britilh failors, by the 
name of “ old junk.” Moreover, the Roman fails, which, 
in the days of Agricola, were compofed of flax, were after- 
wards made of hemp ; and our own are therefore deno- 
minated cannabis , or ‘' canvas,” by our prefent mariners. 
About the fame period, the fame materials were fubflituted 
for the junk of the Britilh cordage ; for the ufe of hempen 
ropes upon land, and of hempen nets for hunting, was very 
common among the Romans in the firlt century. The In. 
dians Hill make their cordage of the bark of cocoas, and 


other trees, and of fbreda of plants. The cordage of the 
Ilririfli navy is made of the Riga or bed Peterlburg break 
hemp, and tarred with good Stockholm or Ruflia tar. 

The cordage is laid to be baled , when, having paired a 
Hove, or other hot place, it is drained of all its moifture. 
White cordage is that not yet pitched. Cordage pitched in 
the Jlove, is that which is palled through hot pitch as it 
comes out of the Hove. Each quintal of cordage may take 
up about twenty pounds of pitch. The cordage i 3 fome- 
times pitched in the thread. For the method of making 
ropea and different forts of cordage, fee Ror t-maling. 

By 2J Geo. III. c. 56. no perfon (hall ufe, in the ma- 
nufacture of any ropes for (hipping, (or fell the fame,) 
hemp called (heet chucking, half clean, whale line, or other 
topping, cordilla, damaged hemp, or any hemp from which 
the ftaple part thereof (hall have been taken away by the 
manufacturer, on pain of forfeiting, for the manufacturer, 
fuch rope, and treble the value of it ; and for the vender, 
not being the manufacturer, a fum equal to treble its value. 
For the better dillinguilhing the quality of fuch ropes, that 
which is inferior to clean Peterlburg hemp (hall be deemed 
inferior cordage, and marked accordingly, by running from 
one end of it to the other three-tarred mark yarns, fpun with 
ruvn contrary to that of rope yarn, and alfo one like tarred 
yarn in every other rope for the ufe of (hipping ; and the 
maker (hall mark or write, on a tally to be amxed on it, the 
word “ ftaple/’ or “ inferior,” (at the cafe (hall be,') and alfo 
bis name, ligned by himfelf or his attorney, together with 
the name of the place where manufactured } ana in default 
thereof, (hall forfeit ior. for every hundred-weight. And 
if any fuch rope-maker (hall wilfully or knowingly permit 
his name to be put to any fuch ropes, not being of hu own 
manufacture ; or if the vender or proprietor, or any other 
erfon, mark upon the tally the name of any perfon, not 
eing the manufacturer, be (hall forfeit 10 1 . And if any 
perfon (hall make any cablet of any old or worn (tuff, which 
(hall contain above 7 inches in compaft, he (hall forfeit four, 
timet its value. Foreign-made cordage, for which no duties 
have been paid, belonging to a (hip owned by any of his 
majefty’s fubje&e, refident in Gnat Britain, or the Britilh 
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colonies, and entering any port in this kingdom, (halt be 
duly entered on oath at the cuftomhoufe ((landing and 
running rigging excepted) ; and before the (hip be cleared 
inwards, the mailer (hall pay the duties, on pain of forfeit, 
ing the cordage, ar.d xoj. for every cwt. of it. Upon the 
importation of cordage, tarred or untarred, there is a duty 
payable of 8r. 6 J. per not,, and no drawback allowed upon 
exportation ; and in the port of London there is a farther 
fcavage-rate of yd. per nut. of na lit. upon the importation 
of cablc-ropes for cordage. 

Aa to the ftrength of ropes, or cordage, M. Reaumur 
takes occafion, in the Memoirs of the Royal Academy, to 
confider the queltion, whether a rope compofed of feveral 
twills, or ftrands, interwoven, v.gr. ten, have more ftrength 
to fuilam a weight, than the ten twills would have fepa- 
ratdy, placed parallel over one another; or, which is the 
fame thing, whether, if each twill be capable of fultaining 
the weighr of a pound, the whole cord be able to Main 
more than ten ? 

On the one band, i. By virtue of the twilling, the dia* 
meter of the rope is made larger than are thofe of the ten 
twills together ; but it is apparently by its thicknefs that a 
rope Mains a weight, or refills a frafture. a. Twilled 
ftrands have not all, as when parallel, a vertical direction 
with regard to the weight : feveral of them, and even the 
greateft part, have oblique directions, and of conference 
do not bear all the (hare of the burden they would otherwife 
bear. ' In efftft, they are inclined planes that are only prefled 
with a part of the load. 

Hence it would follow, that the furplus of the ftrength 
of the twills might be employed in raifiog a larger weight. 

On the other hand, it is true, that, in twilling the ftrands, 
fomeare ftretebed, and others left more loofc ; and the new 
tenfion given the former, ferves to weaken them, and has of 
itfelf the cffcCt of a weight .* thus they become lefs able to 
fuftain one fo large. Thofe more lax, on the contrary, 
evade, in fome meafure, the aftion of weight : for the ao> 
tion is diftributed equally on the ten fuppofed equal twills; 
and if fome, by reafon of their particular difpofition, receive 
lefs than their quota, the weight will ad more forcibly on 
the reft, and will break them firft, as being more tenfe ; 
after which, it will eafily difpatch the reft, as not being in 
fulficient number to oppofe it. 

This is the fum of what can be urged for and again!! the 
twilling : to decide between them, M. Reaumur had re- 
courfe to experiment. The refult was, that, contrary to all 
expf&ation, he dill found the twilling diminilhed the 
ftrength of the rope: whence it is eafily inferred, that it di- 
miniihee it the more, as the rope is the thicker. For inaf. 
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much as the twitting diminifhes ; the more twilling, the 
more diminution. 

The refiftance or fri&ion of cordage is very confiderable ; 
and by all means to be confidered in calculating the power 
of machines. M. Amontons «obferves, in the Memoirs of 
the Royal Academy, that a rope is fo much the more diffi- 
cult to bend, i. As it is (lifter, and more ftretched by the 
weight it draws. 2. As it is thicker; and, 3. As it is to 
be more bent ; i. e. as it is to be coiled, for inftance, into 1 
fmaller ring. 

The fame author has thought of ways to prove, in what 
proportion thefe different rrftftances increale : that arifin g 
from the ftiffnefs or rigidity occafioned by the weight which 
draws the rope, jncreafes in proportion to the weight ( and 
that arifing from its thicknefs, in proportion to the diameter. 
Laftly, That ariiing from the fnuulncfs of the gyres, or 

A , about which it is to be wound, it indeed greater 
illrr circumferences than large ones, but does not 
increafe fo much as in the proportion of thofe circum- 
ferences. 

On this footing, the Iofs a machine Mains by the cord- 
age, being eftimated in pounds, becomes, as it were, a new 
weight, to be added to that which the machine is to raife. 
This augmentation of weight will render the cords (till the 
more (lift; which excefs is to be computed as before. 

Thus we (hall have feveral fums ftill decreafmg ; which 
are to be added together, as in the article of fri&ion ; and it 
will be furprifing to fee what a fum they will amount to. 
See Friction. 

Where ropes are ufed in a machine, all the refiftance re- 
fulting from their ftiffnefs is to be put together ; and all 
that occafioned by the fridion ; which will make fo con- 
fiderabie an augmentation to the difficulty of the motion, 
that a power which to raife a weight of 3000 pounds, by 
means of a fixed and moveable pulley, needed only 1500 
pounds, mud, according to M. Amontons, have 3942 
pounds, on account of tbe fridions, and the refiftance of 
the cordage. 

Cordage, twice-laid , is that which is made of cad rig- 
ting, as (hrouds, (lays, mooring and other cables, which, 
if not much worn, will make good ropes for wetting the 
ffidts of (hips, worming and woolding for cables, fpun-yarn 
for feizing, worming for large flays, feizing for drops of 
blocks, fmall cable-laid ropes for warping (hips, rat-lines, 
fcaffolding-ropes for dock-yards, &c. When the yarn of 
this old (luff is overhauled, a little thin tsr fhould be poured 
on it, which will make it pliable and lie better. The yam 
unfit for knotting will pick into oakum for caulking. 
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CORK, the exterior bark of a tree belonging to the ge- 
nm of oak (Qv>sacus SuberJ, 'which grows wild in the 
fouthern parts of Europe, particularly France, Spain, Por- 
tugal, and Tufcany. When the tree is about t j years 
old, it is fit to be barked, and this can be done fucctifive* 
jy for eight years. The bark alwaya grows up again } and 
its quality improves as the age of the tree increafes. 
If care is not taken to ftrip the bark, it fpiits and peels off 
by itfclf, being puflted up by a fecond growth forming un« 
der that of the preceding year. 


Stripping and preparing the Sari .— -The bark is taken oil. 
by the Portuguefe in iheets or tables, by cutting it with, 
knives having two handles, fimilar to thofe which the tanners 
or flcinners ute at their beam, orhorfe, flitting it down after 
the circular incifion is made, from top to bottom ; to tffcft 
this incifion they afcend the tree by a ladder to the part 
where the branches fpring from the topi they then make 
a flice or flip: the filaments conceding 'the bark with the 
trunk are next Cut down, or through^ by a knife formed 
like our hay-fpade, and which they ule in nearly the feme 
manner: the bark is frequently, through hafte, broken off 
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at* the root, in which cite the two end* ire diftmguilhed 
by the appellations of 44 cut end” and 44 fall end f the 
firft ia that which had been at the top of the tree, where 
the circular cut waa firfl made, and the fecond ia that which 
had been next the ground. 

Another mode of accomplifhing the artificial dripping 
•f the tree, ia thua performed: feversu iocifiona are made from 
the top of the trunk to the bottom, and at each extre- 
mity of thefe inciiiona k circular cut ia effc fted ; by thia 
operation the bark ia cut off from communication 
with either the lower or higher part* of the tree ; 
confequently it ia entirely deprived of fupport $ in a little 
time it loofena, and its feparation » completely accomplifh- 
cd by the hands thua the progrefa of nature ia expe- 
dited by very Ample meant. Before the operation of bark- 
ing ia again performed upon the fame tree, Ihould it be a 
young one, it ought to Hand three years ; it is not however 
infrequently ' cut within the period 5 when it ia cut too 
young, it ia generally preferred by the Englilh cork-cutter 
in his cellar till it altera from green to the colour proper 
for his purpole, which ia effected merely from the time he 
keeps it in that ftate, though after all, it is itill much infe- 
rior to that taken when the tree has arrived at ma- 
turity. 

After being detached from the tree, the Portuguefe “burn 
it,” laying the convex fide of the bark to the fire j in thia ope- 
ration they are careful to cover all the blcmifhes they pof- 
fibly can, holes are filled up in an inefficient manner either 
by the fwelling and flraightening of the wood upon the 
fire, or by the artful introduction of foot and dirt. When 
the judgment of the burner is fufficiently exercifed in flat- 
tening the bark, and artificially repairing its defefts, it ia 
laid into the farm yard xfor fale, in Hacks, and bought by 
the merchants from thence for exportation. 

Another method ufed in flraightening the bark, is to 
pile it up in pit 9 , loaded with heavy Hones, by which me- 
thod it becomes flat, this is afterwards more completely 
effefted in a damp cellar, and is called “ laying the cork}” 
when this operation is finilhed it is dryed over a Hrong 
fire in what is called “ a burning yard*” from negligence 
in this procefs it receives too much of that black colour 
which is fo frequently difeovered in articles made of cork : 
when fufficiently dryed it is ready for Hacking. 

The cork is not burnt, but only charred on each furface } * 
previous to this operation the pores of the bark are open, 
and its confequent fponginefs of texture would make it not 
only give too much way to the knife ; but particularly in 
the cafe of '* taps” ana “ bungs” would render it a filter, 
rather than a preserver, of liquids. It (brink* with the ap- 
lication of moderate heat, and thereby clofes the pores, 
y which any filtration might be effefted. If 14 burning” 
ever be ufed as a cover tor defefts, it is not an original 
defign but an accidental advantage, which ia taken of a 
neceffary procefs; 44 bungs” and 41 taps” are always charred 
on both furfaces ; good bottle corks, though the bark of 
which they are made is likewife fubjefted to the operation 
of fire, do not after they are cut exhibit any marks of that 
clement, being cut in the length way of the wood, the 
pores lie in a contrary direftion, and the charring confe- 
quently is taken off by the procefs of rounding them. 

The cork tree as well as the ufes to which the hark is apblud % 
Ac* — This tree, as well as its ufe, was known to both the 
Greeks and Romans. By the former it was called fhellus* 
Theophraflus reckons it among the oiks, and fays, that it 
has a . thick ftelhy bark, which mull be ftripped off 
every three years to prevent it from periling. He adds, 
that it was to light , as never to fink io water, and . 00 that 
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account might be ufed with great advantage for a variety of 
purpofes. That the Juber of the Romans was our cork- 
tree is generally and juftly admitted. Pliny relates of it 
every thing faid by Theophraftut of the thetlus ; and from 
his account we learn, that at the period when he wrote, cork 
was applied to as many purpofes as at prefent* At that 
time fomermen made floats to their nets of cork $ that is 
they affixed pieces of cork to the rope which formed the 
upper edge of the net, in order to keep it at the furface of 
the water. Another ufe to which cork was applied, ac- 
cording to Pliny, was for anchor-buoys. u Ulus ejus an- 
coralibus maxime navium:” that is, as this paffage may 
be interpreted, it wag ufed for making buoys, called 
“ Ancoralia,” which were fixed to the cable, and by float- 
ing on the furface of the water, over the anchor, pointed out 
the place where it lay. Our navigators ufe for that pur- 
pofe a large but light block of wood, which, in order 
that it may float better, is often made hollow. See 
Buoy. 

Another ufe of cork among the Romans was for being 
made into foies, which were put into their (hoes, inorder to fe- 
cure their feet from water, efoecially in winter ; and, as high 
beck werenot then introduced, they ferved the purpofe of ele- 
vating ladies and making them appear taller than they natural- 
ly feemed. The priftice of employing cork for jackets to affiit 
in fwimming is alfo very ancient ; for we are informed, that 
the Roman whom Camillus fent to the capitol when befieged 
by the Gauls, put on a light drefs, and took cork with him 
under it* becaufe, to avoid being taken by the enemy, it 
was neceffary that he ihould fwim through the Tiber. Wheo 
ke arrived at the river, he oound his clothes upon his head, 
and placing the cork under him, was fo fortunate as to fuc- 
ceed in his attempt. The moll cxtenftvc and principal ufe 
of cork at prefent is for Hoppers to»bottles. To this pu*- 
ofe it is excellently adapted ; becaufe it is very light, may 
r e cafi’y compreffed, and expands again by its elaflidty us 
foon as the preffure upon it is removed, and, therefore, it 
fills and Hops ujf very clofely the fpace into which it has 
been driven by force. Befides, it may be calily cut into all 
forms 3 and though it abounds with pores, which are the 
caufe of its lightnefs, it fuffere neither water, beer, nor any 
common liquid to efcape through it, and it is but flowly and 
after a confiderable interval that it can be penetrated even 
by Spirits ; its numerous pores feem to be too fmall to afford 
a paffage to the fineli particles of water and wine, which 
can with greater facility ooze through more compaft wood 
that has larger or wider pores. This ufe of corks was not 
altogether unknown to the Romans; for Pliny exprefsly fays, 
that it ferved to Hop veffels of every kind, and inHances of 
its being employed for that purpole may be feen in Cato 
(De Re ruHtca, cap. no.) and Horace (lib. iii. od. 8. 10.) ; 
its application to this ufe does not feem, however, to have 
been very common as other fubfiances have been generally 
employed for this purpofe. Stoppers of cork feem to have* 
been firH introduced after the invention of glafs bottles, of 
which no mention occurs before the 15th century. See 
Bottles, 

This woodls Hill formed into foies for fhoes, into corka 
and bungs for flopping bottles, Ac. into a floatage for the 
nets of filhermeo ; it is employed generally, though per- 
haps with a confiderable degree of error in teaching the art of 
fwimming 5 it is alfo ingenioufly ufed on account of its light* 
nefs, when an amputation of tbe human‘)eg has been necef- 
fary, to fupply the deficiency ; the Spaniards line Hone walk, 
with it, which not only renders their houfcs very warm hut 
correfts the moiflure of the air ; A the Egyptians made coffins 
tfitj which being cevcrcd ia the iafide wuh • refinous com* 
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pofition prefmed their dead boJier. It is burnt to nnke 
that light black fubftance called Spanifti black, from ita 
having been fiifl made in Spain. 

Cork bark has not only been applied as above, but alfo 
in the prefervation of life, when endangered by fhipwrcck j 
the moft confpicuous exhibition of ita advantages is in the 
application of it in the con ft ruction of the •* life boat” or 
gi cork boat,” as it was originally called. We have under the 
article boat , 44 life boat, 19 given our readers a fhort account of 
that inefii/nable invention ; fince which we have procured a 
very valuable account by the principal fecretary of the meet- 
ing who firft advertifed the reward j we have alfo obtained 
from the liberality of Mr. Greathead, and the intertft cf 
the gentleman alluded to, a plan or feftion of the boat, 
drawn by the original inventor, which will be given under 
the article Lifr Boat. 

A cork jacket too has been revived from an old German 
difeovery, by Mr, Dubjurg; to preferve the lives of prrfons 
in danger of drowning, which is conftruflcd as follows. 
Pieces of cork about three inches long, by two wide, and the 
ufual thicknefs of the bark, areinclofed between two pieces 
of ftrong cloth or canvas and formed like a jacket without 
fleevea ; the pieces of cloth are ft wed together round each 
piece of cork, to keep them in their proper fituations ; the 
lower part ol the jacket about the hips is made like the fame 
part of woman's flays, to give freedom 'to the thighs in 
lwimming ; it is made fuflicientiy large to fit a robuft man, 
and is fccured to the body by two or three ftrong tapes 
fewed far back on each fide, and tied before ; the ftringsare 
thus plnctd to enable any wearer to tighten it to his own 
convenience. 

Co.k in its a&ion has the clafticitv of a fpring, and when 
prefTcd ir.to any aperture, it exerts a force a&ing outwardly 
on all tides from the centre. It is this quality thnt makes 
it valuable in Ihutting out the external air from liquors, and 
claftic fluids ; and it is fitted for this purpofe in a degree 
proportioned to the impermeability of its pores. The elaf- 
ticity of cork had alfo been employed for many other pur* 
pofes in the arts ; it forms the fpring of the lifter in ord - 
inary candh (ticks, and where the frame is not heavy, it can 
be made into a good fubftitute for the pulleys and weights of 
the fafhes of windows. See Candlestick and Window- 
sash. 

Other vegetable produ&ions have likewife been occation- 
tlly employed p >(IVfling qualities fimilar to cork. The fpon- 
dias lutea, a native of South America, which flourifhes in 
moift fituations, and which is there called monbin or mon- 
ba*n, is fometimta brought to England, as a fubftitute for 
cork. The roots of liquorice are applied to the fame ufe, 
and on this account, as well as its medicinal properties, is 
much cultivated in Sclavonia, and exported to different coun- 
tries. The tree called myfla, which is found in North 
America, has alfo been applied to fimilar purpofes. 

Cork -cutting , or the Manufafiurtng of Corks . This 
bufinefs, though it is thought one of the moft dirty, is not 
one of the Icafi profitable ; it is likewife eafy in the acquire- 
ment. The cork, after being prefTcd into fquare pieces, 
as above noted in the treatment of the bark* is received by 
the cork-cutters, and if not fufficiently flat for their purpofe, 
they 44 lay 99 it again over a fire in their burning yard, 0 
turning the convex part to the flame ; the heat by twitting 
the edges of the bark, countera&s the natural bend, ana 
compels it to receive a flat form. During this operation, 
a confiderable degree of attention is paid to fmoothing it, 
and pai ticuUrly again to cover its defc&B. It is next cut 
into flips, narrow or wide, according to the intended cork, 
bung, or tap, for fuch are the names of the general divifions 
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in this bufinefs. The ufe of the two Former is well known, 
the latter is ufed for flopping the tap-holes of barrels, as the 
name implies. Thefe flips are again cut into fquares, of a 
length proportioned to the ufe they are intended for. This 
operation is performed by one man, from whom they are 
handed forward to fevcral others. A furtner divifion of 
corks takes place, of thefe different forts according to their 
lengths, and are denominated ft> fhort,” u fhort long,” and 
11 full long.” 

The cork* maker places himfelf before the table or plank, 
on which is fattened a board about three inches thick, four 
broad, and twelve long : immediately on a line with his left 
hand i3 a piece of wood, rifing about four inches from the 
board, and fixed about the middle of it, on which the coik 
is laid, after being cut as above. This wood not only fup- 
ports the cork, and is as a guide to the workman, but by 
its elevation above the board, gives room for the knife to 
cut a part of the cork in a fmooth and circular manner, 
without ftriking on the table below. The piece is then 
turned to where the laft cut ceafed, and this is continued 
until the knife has gone completely round j the top and 
bottom are then pared level, and the cork thrown into a 
box or bafket, with the reft of the fame length. As the 
bark is not of the fame quality throughout each piece, the 
corks are forted by a boy into four kinds, 44 iuperfine,” 

44 fine/’ 44 common/’ and 44 coarfc,” and are fold accord- 
ingly. 

Tl.e only tool employed by the cork^cutter is a knife 
about three inches broad in the blade, and about fix inches 
long, veiy thin and (harp, and equal in breadth from the 
handle nearly to the end, which in finifhed by a gentle curve. 
This knife be fbarpens upon the board where the guard is 
placed, by one whet or ttroke on each fide, after every cut, 
and now and then upon a common whet-ttonc. 

From the foregoing review it is evident, that the art of a 
cork-cutter is principally to obtain a regular, round, and 
quick turn of the wrift, in guiding the knife fo as to com- 
plete a pretty corredl circle, and to make a fmooth furfacc ; 
it is on this account that the knife muft be particularly (harp, 
to enable the workman to turn it with cafe. 

The parings of the cork are cartfully kept, and fold to 
the dry colour makers, to be burnt into Spanifh black. 

It may be fuppofed that thofc who give the detail of any 
manufacture would be the beft able to point out improve- 
ments in it, though this is not always the cafe ; ytt one im- 
provement in the 44 laying” of the cork wood, appears of 
great importance to the writer of this. In the prefent 
mode, a great deal of time is loft in placing and removing 
the ftoncs ufed to flatten the bark ; and though the Wright 
may be moderated or introduetd by degrees, yet it cannot 
be dor.erin that regular manner which appears the moft 
likely to cffe& the purpofe. In addition to which it may be 
obferved, that in proportion as the weight is carelefsly ap- 
plied, will be the rifk cf breaking thofc pieces which moft 
partake of the circular bend cf the tree. To remedy this 
inconvenience, and to do away the old, grofs, and cumbrous 
method, a ferew might be u(ed, fuch as that employed by 
the printers in prt fling their work; by its operation a 
gradual preflure would be given, the former objections 
done away, and a much neater and workman like method 
adopted. 

# Cutting the cork into ftripes might alfo be accomplifhed 
with much greater facility ; the whole breadth of the cork 
might be cut by one ftroke, by means of femi-circular knives, 
like fmall cheefe knives, fet at certain diftancts, in a frame, 
which, by bting affixed to a pole, with a crofs-bar as a 
handle, might be driven through the whole breadth, in 
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tke fane time that t Angle flip is cat by tie prefeot 

method. 

Cork, Ml of, in Qwllry, i yellowifh thick acid mat* 
ter obtained by drilling four timet its weight of nitrous 
acid from cork. This is Colublc in water and ha; an aullere 
bitterifh tafte. It does not cryftallize, but becomes con* 
fifteut like wax by evaporation ; is foiuble in ardent' fpirit $ 
forms deliqucdent fain with the earths and alkalis ; and has 
is ftrong an ittraftion for lime as the acid of fugar. 

Coat) Mountain, Suiter mtanm, or Coritim mntam , 
in Mineralogy, a fpeciee of the muriatic genus of earths and 
Hones, according to the arrangement of Kirwan (Mineral 
vol i.) Its colour is white, or reddifh-white, or yellowifh* 

n , or ifabella, or ochre-yellow, or yellowilh-brown. It 
mod either in thick compaft pieces, and then called 
“ mountain cork (* or in thin flat pieces, then called 
“ mountain leather or paper ; M or cellular, and then called 
Caro montana, kcF The luftre is o, rarely i, and tranf- 
parency o. Its fra&ure prefents fibres confufedly interwo. 
ven with each other, fometimes fo fubtile as to be diftin* 
guided with difficulty* and thus they give the fradure a 
compad earthy appearance. Hardnris 4 ; it takes an im- 
preffioD, or yields like cOrk to the finger, and is fomewhat 
elaftic, Sp. gr. before it is penetrated by water, from 
0.6B06 to 0.9933; and after admiilion of water, from 
1.3492 to 1.3492. (Briffon.) If perfedly dry, and fuf* 
ficiently thick, it gives a found when ftruck. It feels mea- 
gre. Bergmann and Saufa f iund it fufible, though with 
difficulty, by the blow-pipe. By Mr. Bergmann’s analyfis 
it contains from 56 to fajxrmt, of filex, 22 to 26 of 


161 

aerated magnefia, from 2,& to 12,7 of irgill, about 3 of 
calx of iron, and from 10 to 12.7 of aerated calx, 

Cm-Jcm, in Mtckm, rig* Plate XVII. Me- 
tianict, is a ftmple corkscrew, confiding of a drew, A, 
turning in a female drew attached by two fmall rods to the 
collar B, which receives the neck of the bottle from which 
the cork is to be extrtded ; the two rods have a groove in 
them to receive the ends of a crofs piece, conneded with the 
cork-drew, and prevent ‘ .s turning round with the drew A. 

Fig, 2. is nearly the fame, except that the nut, B, is 
torned inftead of the drew, 

Fjg. 3. is called the ntfMtra cork-fcrew ; itconfiils 
of two cork-drews A, B, one within the other; the drew 
which enters the cork is fixed to the internal one. In tiling 
this inftrument both ferews are ferewed up to flieir Ihoulders, 
ind the whole k turned round together till the corkscrew 
has penetrated the cork, The handle and thetwodrews 
ire then turned in the famediredion, without permitting 
the frame to tur. till the cork is dnwn. The handle is 
then turned the contrary way, and the drew dnwn out of 
the cork by means of the fmifi drew B. 

Fig, 4. is a drew of nearly the fame kind* a nek and 
pinion being fubftituted for the drew B. 

A corking-machine is reprefeoted in jig,$\ in which 
A is a treadle to be worked by the foot ; it is conneded by 
a rod l, with an iron-lever D ; the bottle to be corked is 
placed in a leathern cad E, fattened to a board Aiding in a 
groove; the cork is indited, and the bottle Aid under the 
lever D, the foot is then placed on the treadle, and the 
cork forced in ; the corks are firft pinched by placing them 
under the lever at l , to make them Her my* 
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CORNWALL, in Geography, the name of the moll 
weftern county of England, is nearly infulated by water j 
having the Britilh Channel on the fouth, and the liriltol 
Channel on the north ; both feas feeming to meet near the 
point called the Land’s End, at the extremity of the pro- 
montory on the weft ; on the edit it is feparatid from De- 
vonfhire, by the river Tamar, and an artificial boundary of a 
few miles at the northern extremity. From this boundary 
the land continually cnntta&s ltd bicadth to the weftward,. 
afluming fumething of the appearance of a cornucopias 
The .wide 11 part of the county, from Morvinftow on the, 
north, to the Rame-Ilesd on the fouth, is about forty-three 
miles, but, fr. m its rapid contraction, twenty miles may be 
confidcrcd as a medium. From Mount’s bay to St. Ives, it 
is not more than five and a half miles acrofs. The length of 
the north-:all fide from Morvinftow to the Land’s End, is 
about ninety miles. The circumference is eftimated at two 
hundred. There ?3 a tradition that a confidcrablc traft of 
land, named the Lionefs, formerly conr.e&ed with this coun- 
ty, and extending towards the ifles of Scilly, was, at a very 
remote period, ingutphed by the pcean. 

The original Britilh name of Cornwall appears to have 
been Ccrnyw , i. c. a horn or promontory ; and, is fup* 
pofed, by Dr. Borlafe, to have been changed, by the in* 
tercourfe of the natives with Romans, into the Lstin term 
Cornubia , “ which it retained till the Saxons impofed the 
name of Wcales on the Britons, driven by them weft of the 
rivers Severn and Dee, calling their country in the Latin 
tongue, Wallia ; after which, finding the Britons had re* 
treated, not only into Wales, but into the more weftern 
extremities of the ifland, the Latinifti changed Cornubia 
ioto Cornwallis ; a name not only expreffive of the many 
natural promontories of the country, but alfo that the in* 
habitants were Britons of the fame nation and defetnt at 
ttiofe of Wales ; and from this Cornwallis, is derived the 
prefent name Cornwall. 91 Borlafe’s Antiquities of Corn- 


wall. This portion of the kingdom was included by the 
Romans under their firft divifion, Britannia Prima • but an- 
tiquaries differ as to the txtent of the Roman dominion in 
this part of the country. It is fuppofed that the Romans 
made an aftual conqucft of Cornwall about the fame period 
that Claudius fubdued the fouthern part of the ifland : this 
opinion is ftrengthcncd by many coins, pavtments, urns, 
and fcpulchres that have been difeovered in different parts of 
the county, chiefly within the laft century ; and is further 
confirmed by the form of various forts, encampments, and 
road-ways. Dr. Borlafe obferves, that the colle&ive nsafs 
of evidence, in favour of the Roman domination here, is fo 
ftrong, that “ it cannot be contradifted.” Cornwall, from 
its foil, appearance, and climate, is apparently one of the 
leait inviting of the Englifh counties. A ridge of bare and 
rugged hills, interfperfed with bleak moors, runs through 
the midft of it. The roads, which are chiefly carried over 
the higher lands, or exteniive commons, convey to the tra- 
veller a much greater idea of fterility than the produce of 
the country will warrant ; for marks of abundant fertility 
are difplayed in the vallics, and oil the fca-fhorcs ; the ufe of 
the fea-fand and weeds collefted on the beach, greatly in- 
creating the richnefs of the foil. The furrounding body of 
water renders the air extremely moift ; and the interception 
of the clouds, by the central high lands, occafions frequent 
and heavy Ihowers: thefe, however, are of fliort duration, 
and may be confidered as conducive to health, by diflipating 
the noxious vapours arifing from the proctffes of refining 
the ores, and introducing the vivifying qualities wafted by 
the genial breezes from the ocean. The feafons are more 
equal than m moft parts of England, being generally free 
from intenfe heat or piercing cold. Frofts feldom continue 
long ; and the fnow fcarcely ever continues on (he ground 
longer than two or three days. The fea-air is confidered as 
injurious to vegetation, the fait particles wherewith the at* 
mofphere is impregnated, together with the violence of the 
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vnnd«, prevent the growth of tree • on the coafts ; and it is 
only in the fheltcred vales that the ancient natural woods are 
to be found. The attempt to raife plantations, in fituations 
expofed to the fouth-weft and northerly blafts, was hardly 
ever fuccefsful till within thefe few years, when more pro- 
filing indications have attended it ; the pine-after fir being 
firft planted as a (hdter to the .more tender trees. The art 
of hufbtfndry appears to have been but little praftifed in this 
county, fo late as three centuries ago- rt Their grounds,” 
fays Mr. Carew, 44 lay all in common, or only divided by 
fticlie meale, and their bread corn very little : their labour 
horfes were only (hod before ; and the people devoting 
themfelves entirely to tin, their neighbours in Devonfhire 
and Somerfetfture hired their paftures at a rent, and ftored 
them with the cattle they brought from their own homes, and 
made a profit of the Cornifti, by cattle fed at their own 
doors. The fam* perfons alfo fupplird them at their mar- 
kets with many hundred quarters of corn, and horfedoads 
of bread.” Borlafe, in his observations on this pa/Tage, re- 
marks, that 44 the people incrcaling, and the mines fomc- 
times failing, -lu* Cornilh felt the neceflity of apolying 
themfelves to hu/bandry ; and their improvements anfArertd 
their expeftations; for, in the latter end of the reign of 
Queen Elizabeth, they found themfelves in a capacity not 
only to fupport themfelves, but alfo to export a great quan- 
tity of corn to Spain and other foreign parts,” The agri- 
culture of Cornwall is, not with ftinding, ftill but a fccondary 
object. The portable commodities of the county are chief- 
ly carried on the packfaddie ; and the hills and fteep acch- 
vitics rendering the ufe of fure-footed animals neceffary, 
the breeding of mules has been fuccefsfully attended to. 
Great numbers arc employed in carrying the produce of 
the mines: the price of a good mule is frequently eighteen 
or twenty guineas. The common horfes, though fmall, are 
hardy and well adapted to a hilly country. The vegetable 
foils are extremely various, but their general diftinftive cha* 
rafters may be arranged under the heads, black growan of 
gritty, and the Jhelfy or Jlaty foil. The former abounds 
in the high lands, the upper ftratum chiefly confiding of a 
light black earth, intermixed with fmall gravel, the detritus 
ofr granite or growan, and hence the foil receives its appella- 
tion. This ftratum, on the tops and Tides of mountains, is 
very /hallow, and not of confiderable depth even on the 
more level and extenfive waftes: its natural produce is a 
thin lliort heath, and the dwarf, orCornifh furze. A ftra- 
tum of a cubical quartz is generally found beneath, of van- 
ous fizes, and from four to eight inches thick ; and below 
this a whitifh or yellowi/h loamy clay. By digging up the 
quartz, and intermixing the under ftratum of qlay with the 
growan earth on the furface, a prolific foil is produced, fit 
for any kind of grafs. The coaftsof Cornwall abound with 
a great variety of fifh 5 one fpecies of which, the pile hardy is 
taken in fufficient quantity to conftitute a confiderable and 
produftive branch of commerce. Sec Pilchard. 

44 The fea,” favs Borlafe, 44 is the great ftore-houfe of 
Cornwall, which 1 ffers not its treafures by piece meal, nor 
all at once, but in fucceflion : all in plenty in their fcveral 
feafons, and in fuch variety, as if nature was folicitous to 
prevent any excefs or fuperfluity of the fame kind.” In 
this author’s 44 Antiquities of Cornwall,” the numerous 
fpecies oi fiih that vilit this coaft are particularly deferibed. 
The fea-fands round .Cornwall probably exceed in variety 
thofe of any other county in Great Britain ; the fand of 
every cove being different. The fand of a particular (bore, 
cove, or bay, has generally the fame colour ; and a micro* 
fcope (hews it to be of the fame fubftance as the adjacent 
cliffs, and the ft rata under the fea. Clays are found m this 
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county in great variety, and many of them are eminently 
ufeful for different purpofes of manufafture. The yellow 
clay, in St. Kevran’s parifh, is efteemed but little inferior to 
any. for cafting in filvcr, brafa, or lead ; the yellow clay 
from Lannant is much valued for building furnaces, as the 
bricks made with it are fuppofed to have a peculiar faculty 
of withftanding intenfe heat. 

The mineralogical fubftances of Cornwall are far more 
abundant than thofe of any diftrift of the fame extent in the 
world j and the fcientific inquirer finds in their beauty aud 
variety a proportionable field for hi9 rtfearches. Among the 
rocks claiming efpecial notice, is granite, or, as here called, 
nwor-Jlonc, of which this county affords more than any other 
part of England. It form9 the chain of mountains, which, 
commencing at Dartmoor, runs through Cornwall to the 
fea at the Land’s End, and to the northward and fouthward 
goes into primitive fchiltus. Granite is an aggregate of ftl- 
fpar, quartz, and mica ; and the varieties found here arc in* 
numerable, both in the fixe and colour of its component 
parts. Between the town of Lifkeard and the river Tamar 
are fome quarries of flue ; whence the inhabitants of Ply* 
mouth are fupplied with covering for their houfes, and for 
the purpofe of exportation. The free-ftone is of two forts : 
one compofed of fand and argil, the other of fand and 
quartz : that of the pureft quality is found in the pari/hes of 
Carantor and the Lower St. Columb, and approximates to 
the Portland and Batli ftones. The Polrudon or Pentowan 
ftone is likewife of a fandy nature : it lies in irregular mafles 
of three different colours, in a (helving lode about 15 feet 
in width. A curious produftion, called the fwimming-Jlone f 
has been difeovered in a copper mine near Redruth ; it is of 
a yellowi/h colour, and confide of quartz in right-lined la* 
minae, as thin as paper, interfefting cath other in all direc- 
tions, but leaving unequal cavities between them : this cel- 
lular ftrufture renders the ftone fo light, that it fwims o« 
water, whence it obtained its name. Some beautifully tranf- 
pirent quartz are found here, cryftallized in fix- tided pyra- 
mids, with a correfpondent hexagonal prifm. That part of 
the county which forms the Lizard Point is compofed of 
ferpentine and hornblende of the moft beautiful kind, in- 
cluding every /hade of green, from pea-gn?en to black, va- 
riegated by tints of purple and fcarlet. The Terpentine is 
occafionally inttrfefted with veins of the Jleatitesy fo called 
from the Greek word for tallow, to which it has fome fimi- 
larity. But this curious fubftance is contained in the greatdt 
abundance in the celebrated foap-rock , fituated between the 
lizard and Muliion : it is of whiti/h or draw colour, with 
veins of green, red, and purple. When embedded in its 
matrix, the ferptntine, it feels wet, and may be compreffed 
with the hand t but being expofed to the air, becomes in- 
durated, and of a foapy texture. The whole foap-rock is 
rented by the proprietors of the porcelain manufaftory at 
Worcefter. It is remarkable* that letters written with foap* 
ftone (Jleatites) upon glafs, though infenfibly fixed, are not 
to be moved by wa/hing, but always appear on being rooif- 
tened with the breath. Solid a/bettus is often feen adhering 
to the pure fpecimens of the fteatites, and is alfo fpread, like 
a thin film of enamel, on the futface of fome rocks expofed 
to the fea. The fibrous a/beftus has been difeovered ia St. 
Cleer’s pari/h, fixed to ftones of the killas kind, and fome* 
times running through them in a wavy line. But the mod 
important of Corni/h foffils is tlie china Jlone t obtained in the 
parifh of St. Stephen, near St. A u ft el, and forming a prin- 
cipal ingredient ifi the Stafford/hire potttry. It is a de- 
compofed granite, the felfpar of which is deprived of fufi* 
bility. Its qualities were, about 40 years ago* difeovered 
by chance* and it has fince been an article of confiderable 
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GORPACH, in Geography, a fmall village in Argyle- 
fhire, in Scotland, ia about 2 miles nearly north from Fort - 
William, fituate on the eaflern fhore of Loch Eil. Thin 
place cannot fail of obtaining celebrity in future, on ac- 
count of the great works which are now carrjing on for 
the wefiern entrance-bafon and locks of the great lnverntfs 
and Fort-William, or Caledonian, canal, intended to form a 
communication for large (hips between the Ea'ft and Welt 
feas, and avoid the large and often dangerous paffage round 
the north of Scotland. The laborious optratiou of exca- 
vating, or rather hewing and blafting the hard rock, in 
which the locks at this place are to be built, was begun in 
July 1804; and, in December of the fame year, the for- 
mation of two immenfe banks of earth, (nearly fimilar to 
thofe we have mentioned a9 conilrutiing at the caltern en- 
trance at Clachnacary) was begun to exttnd into Eil 
Loch, for furrounding and protecting the fca or entrance 
lock, which ia to be formed where the furface of the rocky 
ftratum of this didrift is 20 feet under the line of high wa- 
ter of ordinary neap tides, but where the rock /helves off, 
fo that no cuttihg will be required at the tail of the rock, 
from whence the depth of water in the lock gradually 
deepens through 4, 5, 6, 7, 8, and 13 to 16 fathoms, at 
the diftance of about three quarters of a mile. There is a 
projecting head of rock ia this place, which will form the 
body of a pier to prated the tide-lock. The rife of thofe 
locks, which are to be conftrufted behind Corpach houfe, 
will bring the bottom of the canal upon the top of the 
ftratum of rock; into which the lock, conceding with the 
firft or fea-lock, will be cut 1 1 feet 9 inches, and the third 
lock will be cut 4 feet into the rock. For the fpace of a 
mile and quarter from thefe locks eadward, the cutting of 
the canal is level on Corpach Mnfs, in ftrong compaft fandy 
gravel, under about two feet of peat-mofs. According to 
the report of Meff. T. Telford and W. Jeffop, the princi- 
pal engineers in this important concern, which was ordered 
to be printed by the houfe of commons on the 2d June 
1806, it appears, that an engine-houfe had been built, and 
one of Boulton and Watt's 20 horfe (leam-engines fitted up, 
for pumping the water from the foundations of the firft and 
fecond locks at Corpach ; where the fide-walls of the third 
lock from the entrance of the canal had been built, to the 
height of t2 feet above the bottom, which is rock, requir- 


ing no inverted arch upon it ; the fore-bay was completed, 
and alfothe tail-bay, forming here, alfo, the fore-bay of the 
fecond lock ; for thefe ingenious engineers have adopted the 
plan of placing the locks on this great canal in groups, and 
making the head-gates of one lock aft as the tail-gates of 
the reft, as they do at Runcorn, on the duke of Bridge- 
water’s canal. The mortar ufed in thefe works, is from the 
lime-ftone of Linmore ifland, at the mouth of the bay of 
Lochyol in Argylelhire, and is found to be an excellent 
water cement, after being expofed to the tide during a winter. 
The bank which is to inclofe the north fide of the fea-lock, 
had been carried forwards from high water mark, a hundred 
and forty yards into the lock, and two rail-ways of eight 
hundred, and five hundred yards long, refpe&ively, had 
been laid' for conveying gravel to this fea-lock, and to the 
fecond and third locks, as well as rough quarry Hones, for 
facing the outfide of the bank, as it proceeds, and defending 
it from the furf of the lock. The timbers and piles have 
been prepared for forming a coffer dam at the extremity and 
within this bank, for putting in the foundations of the fea- 
lock. 

The firft aqueduft at this end of the canal at Bannavie, 
is finilhed, confiding of two arches, 9 feet wide, to feet 
high, and 252 feet Tong, this being the width of the canal 
and its banks in this place, connruded of done quarried 
near the fpot. The locks at Corpach -are building with 
done of good quality, quarried at Faffefern, about 2$ miles 
north of that place, on the eadera bank of Loch Eil. The 
fecond aqueduft at this end of the canal, over the long 
river at Strone, was commencing, confiding- of a centre 
arch of 25 feet diameter, and two fide-arches 10 feet wide 
each ; thefe lad being paved with doneson edge, are intend- 
ed as road-arches for communication between the different 
Tides of the canal, except perhaps during, the height of 
the larged floods in this river. Great part of the cutting, 
and banking for the canal between Corpach and Loch 
Lochy, was in hand or finilhed, but the grand chain of 
eight locks between Corpach Mofs and Bannavie was not 
begun, or intended fo to be, until the fea-lock and the other 
two locks at Corpach are completed, fo as to admit the 
ftone veffels to proceed thus far uo the lwr a to difeharge 
their cirgow for building thefe ftupendoo* lock*. Set 
Canal. 
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Cotton, in Commerce the foft and beautiful vegetable 
down which forms the covering or envelope of the feeds 
of the goffypium or cotton plant. It is the fpoataneoub 
production of three parts of the earth, and is found grow- 
ing naturally in all the tropical regions of Aha, Africa, and 
America, whence it has been tranfplantcd and become an 
object of cultivation in the fouthern parts of Europe. 

It is bi ought to us from the Weft India iilands, the 
Spanifh, Dutch, and Portuguese fettlements on the coait of 
South America, and the ifles of Bourbon and Mauritius in 
the Eafl Indies. Georgia, and the fouthern Hates of North 
America, alfo annually produce great and increafirtg quan- 
tities. The iflands and lhores of the Mediterranean have 
long fupplied Europe, and within thefe few years, the pri- 
vileged merchants or India have brought hither confiderahle 
quantities from Surat, Madras, and Bengal. 

The cotton from thefe different quarters of the globe 
varies coniiderably in the colour, length, iinenefs, and 
ftreugth of its fibre. It is the produce of fevered fpccies 
and varieties of the goffypium, and without wholly adopting 
the hypothecs of yuatremere Disjouval, we may admit, 
that difference of climate lias confiderahle influence on the 
texture and quality of the cotton. 

According to the obfervations of that gentleman, crowned 
by the Academy of Sciences of Paris, the produce of 
the countries immediately under, or neareft the equator, 
is to be confidered as the type of excellence, and 
is diftinguifhed by its fine filky fibre, the depth and pecu- 
liarity oi its colour, and the height and permanency of the 
plant. In proportion as we recede from the equator, fays 
our author, thefe ftrong marked charaflers difappear, the 
fibre becomes coarfc, its colour perfect white, and on the 
lhores of the Mediterranean, we behold the lofty and flourifh- 


ing tree of Hindooitan, dwindled down into a ftunted an- 
nual fhrub. 

The exceptions to this fyilem, from a comparifon of the 
’cotton of South America and the Welt Indies, with that 
of India and the Levant, are repelled by M. Quatremere 
Disjouval with fome ingenuity, but his obfervations and 
rcafonings are too general ; and we (hall prefently fee that 
this fyilem of gradation in fize, colour, and finenefs, from 
the equator to the poles, has no exiftence in nature, and is 
difproved by the charafters we fliall adduce of the prin- 
cipal varieties of cotton at prefent known in commerce. 

It is true, that the finefl cotton wc have any knowledge 
of, is the produce of the tropical countries, as well as the 
deepeft coloured. The delicate and unrivalled fabrics of 
the Eafl, and the genuine nankeens of India and China, 
afford a proof of this. Yet the cotton from which they are 
produced, is retained at home to fupply the native manu- 
failures of the country, and is wholly unknown in com- 
merce. The cotton of Bengal, Madras, and Surat, fuch 
as is brought in quantities to Europe, is fcarcely tinged 
with yellow ; and Siam, famous for its nankeen, is equally 
fo for its fine white cotton, which has long been trani- 
planted to the Well Indies. The fea-coaftof Georgia, and 
its dependant ifles, though fituated in latitude 33® north, 
ten degrees beyond the tropic, produces cotton fuperior 
in quality to the colonies of Guiana direftly under the 
equator, whilft the inland diftrifts of that province, and the 
country Couth of it, down to the mouth of the Miffiffippi, 
produce a cotton of greater whitenefs, and far inferior in 
llrength and finenefs. 

Cotton is diftinguifhed in commerce by its colour, the 
length of its fibre, and its ftrength and finenefs. 

White is in general confidered u charafteriftic of fecondary 
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quality. The cotton of Smyrna) Cyprus* Salonica, and all 
parts of the Levant, is diftmguifhed by its want of colour. 
The chief part of that from North America is alfo white, 
viz. New Orleans, Tenneffce, and Upland Georgia. 

Yellow, when not the effect of accidental wetting, or 
inclement feafon, is indicative of greater finenefs. The 
cotton of the Weft Indies and of tSouth America is called 
yellow, but the colour inclines more or lefs to cream colour. 
That from India has a (light tinge of Aurora. The fine 
Sea I (land Georgia, though not properly a yellow cotton, 
has a faint hut decided tinge, which diftiuguifhes it from the 
white cotton of the fame country. 

In the following lift are enumerated the chief, and nearly 
all the varieties of cotton tifed in this kingdom, with (hurt 
notices of their quality and value. 

North American Cotton . 

Set IJlatid Giirpla — is the produce of the eoaft of 
Georgia, and the itnall iflands contiguous and belonging to 
it. It has a long and fine ftaple, hut more or lefs filky, flamed 
or dirty, on which account no other cotton varies fo much 
in price. The belt is preferred now to every other kind, 
and is often fold at very high prices to the manufacturers of 
lace. 

Upland , or Bowed Georgia — is the produce of the 
inland diftri&s, and either from the nature of the foil, or 
defective cultivation, is much inferior to the preceding. 
It is a light flimfy cotton, of weak, and very unequal 
ftaple, having long and fliort fibres intermixed. It is ufed 
chiefly for inferior goods. It derives its name of Bowed 
Georgia from an initrument like a bow, which the planters 
ufe in cleaning it. 

Tenneffee — much like Bowed Georgia, but in general 
cleaner, and fometimes better ftaple. 

New Orleans — this alfo refembles Bo\yed Georgia, but 
it is generally preferred both to that and Tenntffee. The 
fibre of theie three kinds\ 19 weak, compared with that 
of Weft India, or Sea Ifland, and goods manufadlured from 
jt, are unable to endure the fame hardfhip. 

South American Cotton . 

Pernambuca— fine, long ftaple ; clean and pretty uni- 
form in quality ; much elteemed 5 principally ufed by the 
hofiers. 

Maranham— rather inferior *to Pernambuca < not fo even 
in quality, nor fo clean ; mu£h like good Demarara, and 
ufea for the fame purpofes. 

Bahia — much like Maranham 5 fometimes it has the ad- 
vantage. 

Rio — a very inferior cotton ; very brown ; much fhell 
in it; ufed generally for the fame purpofes as low' Weft India. 

Surinam— has a long ftaple 5 clean ; yellow ; it is a fine 
cotton, and much ufed for making dockings. 

Cayenne— a fine good clean ftaple, preferable to Surinam. 

Demarara — the quality of this cotton has fallen off 
fince the colony has been in poffefiion of the Englifh. Thr 
belt has a fine filky ftrong ftaple, much efteemed. The in- 
ferior forts are rather brown, dirty, coarfe, and much 
‘mixed. 

Berbtce— the quality of this has of late years fallen off. 

■ The beft has a good ftaple, fine, filky, and clean ; but 
latt Tly it is brown, dirty, and mixed. 

: Carthagena — has a very long ftaple, but weak ; it is very 

'ft/; -iy, and rather dirty. 

v Circa — a brown coloured cotton, fair ftaple, and general- 
ly pretty clean. 


Cumena— inferior to Giron, and not fo clean. 

Carraccas— inferior to Giron 5 dill more dirty. 

Laguira— inferior to Cumena, but preferable to Car- 
racca ; not fo dirty. 

Wejl India Cotton ♦ 

Bahama —Cotton from the Bahama iflands is of various 
qualities. The beft is grown from Bourbon feed, but is 
much inferior to that kind. The ftaple is pretty good, 
fine and filky, but it is often dirty. The inferior Bahamas 
are very brown and dirty. The ftaple rather fliort but ftrong. 

Barbadoes — is of fair middle quality, the ftaple not very 
long, but generally filky, and pretty ftrong ; often a good 
deal of the fhell of the feed in it, which is a great obje&ion. 

Jamaica — very little cotton grown here, and that of 
very inferior quality ; there is the long ftaple, which is 
very weak, and often very dirty, and the fhort, which is 
alfo very poor and dirty. 

St. Kiti's — very little grown ; it is in general very brown, 
dirty, but of fair ftaple. 

St. Lucia — the fame. 

St. Thomas — the fame. 

St. Domingo — fometimes very clean good cotton, and 
likewife very inferior ; not much comes here. 

Carriacou — rather a coarfe grain, but in general clean, 
fair, ftrong ftaple, ufed by the hollers to mix with fine cot- 
ton, fuch as Pernambuca. 

Grenada — a good deal like Carriacou, but not always fo 
clean. 

St. Vincent's — rather high -coloured ; clean, good ftaple, 
but not very fine ; a good deal cultivated for the fi/.c of the 
ifland. 

Antigua — very little grown, much like St. Kitt's. 

Tortola , Montferraty Dominica — the fame. 

Martinique — very little comes here. It is a fair middle 
quality. 

Guadaloupt — much the fame, fometimes very good 
cotton. 

Tobago— little grown, fometimes very fair good cotton. 

Trinidad — rather fliort ftaple, and in general very dirty. 

Eajl India Cotton • 

Bourbon — the moft even and uniform in quality of any 
other. It is a fine filky ftaple, and very clean. It is the 
moft valuable cotton brought hither, except the beft Sea 
Ifland. 

Surat — has a fine, but exceedingly fliort fibre, in general 
dirty, containing leaf and fand. It is the loweft priced 
cotton in the market, and ufed in the manufacture of low 
coarfe goods. 

Bengal — much like Surat, but ftill fliorter ftaple, in 
general cleaner, and much about the fame value. 

Madras — not much brought hither. It is moftly from 
Bourbon feed, and fometimes not unlike in ftaple, but in 
general dirty, and contains much Ihell, which renders it lefs 
valuable ; worth little more than Surat ; fome very good 
will fetch the price of Weft India. 

Turkey . 

Smyrna , a fhort moffy kind, and rather dirty, ufed 

for making candlewicks 5 has more fubftance than Bowed 
Georgia. 

The preceding obfervations are intended to give general 
ideas ot the comparative value and qualities of die different 
kinds enumerated, rather than jirecife and accurate deferip- 
tiens, which, flora various caufes, fuch as unfavourable 
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leafon*, e*haufted foil, defeftive management and culture, 
cannot, as may readily be fuppofed, conftantly and invari- 
ably apply. 

In eftimating their commercial value, we may place them 
in the following order, which compared with the gradation 
of M, Quatremere Disjonval’s fyftem, prefents a curious 
contrail. 

Sea Ifland Georgia, Bourbon— Pernambuca— Cayenne, 
Bahia, Maranham, Surinam — Demarara, Berbice— Bahama, 
Grenada, Carriacou, Barbadoes and beft Weft India — 
Giron, and beft SpaniJh, New Orleans, Smyrna — Jamaica, 
.St, Kitt’s, Sec. See., and inferior Weft India-^Bowcd Geor- 
gia, Carthagena, Carraccas, and inferior Spanifh — Madras, 
Bengal, Surat, 

Tne relative value of tne cotton in the firft half of this 
feries, is tolerably perm- lent, and is here pretty accurately 
expreffed. The varieties in the other half vary confider* 
abty. It is deduced from the average prices of the different 
kinds, during a period of feveral months. 

It muft be obferved, however, that the low value of Eaft 
India cotton from Surat, Bengal, and Madras, arifes chiefly 
from the exceffive (hortnefs of its fibre, which, though fine 
and filky, unfits it for the manufacture of a fine thread by 
pur mode of fpinning, though we are affured the natives of 
Hindooftan employ it in the manufadture of tlieir fioeft 
mulling. 

The importation of cotton into Great Britain has pro- 
greffively and rapidly incrcafed during the laft twenty- five 
.years, as will appear from the following ftatements, from 
which fome idea may be formed of the aftonifhing arid un- 
exampled increafe and profperity of our cotton manufactures 
during that period. 

Importation of Cotton into Great Britain. 


Importation of Cotton into London. 


. . 

1798. 

1 799 * 

1805. 

1806. 

Hamburgh, Tonningen, Sc c. 

73*7 

II208 

5*4 

137 

Liibon 

5661 

17818 

3020 

7281 

Oporto 

Gibraltar and Mediterranean 

1095 

2748 

*583 

75 * 

1373 

1*34 

'Si 

Charleftowh and South Caro- 

3911 

lina - J 

3079 

398 i 

2113 

Philadelphia, Man-land, New 1 
York, See. . - S 

2084 

5172 

469 

*°35 

New Providence 

1489 

191 I 

1712 


Savannah 

1221 

I 5 H 

40 

Smyrna 

600 

1208 

54 

1360 

Guernfey 

531 
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Jamaica 

612 

5°°3 

366 

639 

Montferrat, St. Kitt’s 

729 

838 

035 

*3*5 

Bahama 

405 

Grenada 

2122 

846 

1577 

2632 

St. Domingo 

690 

Barbadoes 

1911 

686 

1362 

792 

Antigua, St. Vincent’s, and 'l 
Tobago, - J 

526 

38 i 

Demarara 

2581 

3540 

5*94 

4920 

Martinique and Tortola 

652 

802 

Dominica 

783 




Surinam 

7* 

448 

5040 

3758 

Copenhagen and Baltic 

2020 

601 

Bcrbice 


*192 

*467 

i 4 5 « 


36 9 i8| 

60903: 

29093 

31606 


In the year 1781 

1782 

1783 

1784 

1785 

1786 

1787 

From 1786 to 1790 
In the year 1799 
1800 
1802 
1806 

* This year's importation 
ments, and is not therefore t 


5,101,920 lbs. 

1 1,206,810 

9.546.179 

11,280,238 

17,992,88$ 

19,151,867 

22,600,000 

33,443,670 jperan 
46,000,000 
56, 010,734 
65,850,39J 
75 ,OOO,OO0 * 

not given from official docu- 
be relied on as ftridtly accu- 


rate. 

London and Liverpool are the great marts for cotton, 
t be chief part of which was for along time imported into 
London, but the fituation of Liverpool, in the very heart 
of the cotton manufaftures of the north, has rendered it 
the principal market in the kingdom, and great part of the 
cotton belonging to the merchants of London is now con- 
figned there. 

The following is the number of bags, of about 300 lbs. 
each, imported into London and Liverpool in four different 
years, from which may be derived a tolerably accurate idea 
of the relative quantities of different kinds of cotton brought 
into this kingdom, and of the increafed cultivation of. fome 
particular forts*. 


Importation of Cotton into Liverpool. 



** 

OO 

& 

1806. 

1791. 

1799. 

America 

100,148 

100,142 

64 

*3.236 

Lifbon 

Oporto 

36.739 

1958 

33.646 

1647 

} 34.500 

*5.362 

Demarara 

9495 

10981 

1 

8102 

Berbice 

6715 

5784 

1 

Surinam 

3 ° 7 * 

**39 



Barbadoes 

7995 

5495 



Bahamas 

1634 

1980 

1 


Dominica 

775 

* 49 * 



St. Thomas 

1 J 70 

*743 



Antigua 

83 

278 



Tortola 

1221 

* 3*5 



St. Lucia 

1288 

1389 



St. Kitt’a 

St. Vincent's 

260 

*83 

224 

I89 

> * 5.777 

28,394 

Nevis 

29 

73 * 



Grenada 

200 

3 fy 



Trinidad 

125 

287 



Cuba 

17 5 



Montferrat 

?4 

10 



Jamaica 

2483 

4011 

J 


Bourbon 

538 



Spain 

608 




Ireland 

450 

546 

3 « 7 * 

I69O 

Tobago 


5 

Tenenffe 

Holland - - 


306 

1950 


Turkey 



2242 



177,4*8 

' 73.074 

68,404 

86,784 

. 
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From thefe ftatements it appears, that in 1791, fixty 
four bags of cotton only wore brought into the port ot 
Liverpool from North America ; 25,814 into London and 
Liverpool in 1799, and in 1806, upwards of one hundred 
thou land bags into Li'crpool alone; nearly half the quantity 
imported into the whole kingdom of every defcription what- 

CV The cultivation of cotton is become an objed of princi- 
pal concern, and is rapidly increafing in the louthern Hates 
of North America. The produce of fome parts ot 
Georgia, as wc have before obferved, is of very fupenor 
quality ; and there is every reafon to believe, that in a few 
years, it will rival iu quantity, as well as quality, the hue 

cottons ol Brazil and Guiana. 

It may not, perhaps, be irrelevant to our fubjedt, to re- 
mark here, that the colonization of Georgia tormed the 
fubjedt of a memorial p re fen ted to the duke of Newcaftle, 
then fecrctary of ftate in the reign of George I., by 
colonel John Puny, a native of Switzerland. In this memo- 
rial, which was afterwards publifhed, he fets out with this 
populate, that “ there is a certain latitude on our globe, 
t'o happily tempered between the extremes of heat and cold, 
a* to be more peculiarly adapted than any other for certain 
rich prudu&ions of the earth,” amongft which he enumerates 
filk, cotton, indigo, &c. ; and he fixes on the latitude of 
22 u , whether north or foutb, as the identical one for that 
peculiar chara&er. He fettled fome years afterwards, with 
a colon v of his countrymen, on the river .Savannah, which 
parts Carolina from Georgia, where he perpetuated his name 
b\ founding the town of Piirrvihurg ; and proved, in fome 
degree, the truth ofhisfyltrm, by the introduction of thofe 
objects of cultivation, which have iince become ftaple articles 
of' the country. 

The fir It importation of cotton from the Eait Indies 
took place in the year 1798. This cotton is not imported 
by the India company, but by the privileged merchants ; 
and the firft .cargo brought by the Fame, and valued at 
j 0,000 /., cleared the enormous fum of 50,000 /. The cot- 
ton at that time fold at 2 s. id. per pound, the following 
year it fell, to 10 </., and is now the lowed priced cotton in 
the market. 

The following is the amount of importations fince that 
time. 


Importation of Eaft India Cotton. 


1798 

4637 Bales of about 350 lbs. 

1799 

197*4 

1800 

19820 

1801 

221 I 1 

1802 

89OO 

1803 

IO476 

2804 

3546 

2805 

1*842 

2806 

8422 


All cotton whatever is fubjeft to a duty of 2d. per pound, 
and alfo of it per cent, on that amount. Calculated at 
the prices of that article in 1803. The amount of the duty 
in each particular kind is as follows, 

Sea I (land Georgia - 4 per cent, ad valorem 

Fine Brazil - * 8 

Britifh Weft India - - 

Foreign Weft India - 10 

Inferior Brazil - -12 

Turkey - - 12 

Bowed Georgia - • 224 

Spanifh Cotton - 15 to.^f 
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Cotton, as 4 vegetable fubftancc, approaches in it# * 
nature nearly to the ligneous matter, or woody fibre, and 
affords, by deftruftive diftillation, the fame products, and 
nearly in the fame proportion* as the hard and heavy woods* 
It is diflinguiftied by its great affinity for earths and me* 
tallic oxydes, but more efpecially for alumine, and iron, 
on which is founded the theory and practice of calico- 
printing. 

It is little alterable, infoluble in water, and the chief 
part of the weaker reagents. Nitric acid converts it into 
various vegetable acids. Vitriolic acid ads upon it as on 
ligneous fibre* both are decompofed, charcoal developed, 
and fulphureous acid given out. It is alfo diftinjxuifhed by 
the beauty and permanency of the white which it acquires 
by alternate expofure to the adtion of alkalies and atmo- 
ipheric air, or oxygenated muriatic acid. 

The ftrudure 01 the fibres of cotton has not been well 
afeertained. Lewenhoeek, by microfoopical examination, 
found them to have two (harp Tides, and it fee ms to be owing 
to this circumllance, and to their poftefliug fome afperitiea 
like the filaments of wool, that cotton greatly irritates and 
inflames wounds and ulcers, if applied to them inllead of 
lint. 

Cotton, in Ancient Geography, a town of Alia Minor. 

CoTTON-^r^yi, iu Botany. See Eriophorum. 

Cotton MnnufaHure, in Commerce, one of the leading 
and moil important branches of our national induilry aiul 
commerce. 

The hiftory of its prog refs during the la ft century, 
affords a fplendid in fiance of the fuccefsful application uf 
indullry and talent to a branch of manufacture, unparalleled 
in the annals of commerce. 

Scarcely fifty years have clapfed fince it was amongft 
the humblelt of our domeftic arts, and was confined chiefly 
to the fire fide and cottage of the labouring poor of Lan- 
cafhire. Its products were few, and inoftly for home con- 
fumption, though fome articles from Manchefter were ex- 
ported above a century ago. Its procefles were fimple, and 
the contrivances for accelerating labour, fuch as had been 
handed down for ages pall with little alteration. The po- 
pulation engaged in this manufacture about the year 1750, 
is fuppofed not to have exceeded 20,000, and was little 
more than doubled in the fucceeding twenty years. 

From this ftate of comparative infignificancc, it burft 
forth at once with a vigour and activity which has no 
parallel, and from caufcs which we fhall ftate hereafter, 
became in the fhort period of thirty years, one of the 
moft flouri filing and important branches of our national in- 
duftry. 

For our internal confumption, it affords a variety of 
fabrics, fuited not only to the ordinary wants and comforts, 
but alfo to the elegancies of life $ and ft* exportation, fuch 
now is our fuperiority, that there is fcarcely a civilized 
nation on the earth, that is not indebted to us for fome 
article of this manufacture, and well authenticated ac- 
counts have been publifhed of their having been found 
as articles of drefs amongft the diftant tribes of Tartars. 

In the following article we fhall endeavour to trace 
the progress of this manufacture from its origin down to the 
prefent time, and the caufes which have contributed fo 
powerfully to raife it in a few years to a ftate of importance, 
little fhort. of that which the great ftaple manufacture of 
this country, that of wool, has acquired during the five laft 
centuries. 

The period of its firft introduftion into this country is 
not cleany afeertained, and there are few authentic docu- 
ments of earlier date than the middle of the feventcenth 
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century, before which time, it is probable that the manu- 
fa&urc of cotton was too inconfiaerable to deferve much 
notice. 

The fir ft historical notice we meet with is in the Itinerary 
of Lclaud, who viSited Lancashire in the reign of Henry 
VIII. u Bolton-upon-Moore market,” fays he, « ftondith 
moft by cottons , divers villages in the moores about Bolton 
do make cottons.” From this an inference has been drawn 
in favour of the «xiftencc of the manufacture of cotton in 
Lancashire at this early period, a fuppofition which is how- 
ever completely overturned by an adt palled the 5th and 
6th of Edward VI. 1552 ; entitled " for the true making of 
*1 woollen cloth,” in which it is ordered “ that all the cottons, 
called Manchester, Lancashire, and Chefhire cottons, full 
wrought to the fale. Shall be in -length twenty-two yards, 
and contain in breadth three quarters of a yard in the water, 
and Shall weigh thirty pounds in the piece at leall. Alfo that 
all other cloths'called Manchester rugs, othervvife named 
Manchester frizes, full wrought for fale, Shall eontain in 
length 36 yards, and in breadth three quarters of a yard, 
coming out of the water, and Shall not be Stretched on the 
tenter, or otherwife, above a nail of a yard in breadth, and 
being fo fully wrought and well dried, Shall weigh every 
piece 48 lbs. at the leaft.” However paradoxical it may 
appear, it is neverthelefs clear from this paSTage of the act, 
that the Manchester cottons of that day were a fpecics of 
woollen cloth, and that of the coarfeSt and itrongeft kind, 
as is fufficiently proved by the weight required by the Sta- 
tute. The testimony of Camden alfo to this point is decifive : 
when fpeaking of Manchester in 1590, he lays, “ this town 
excels the towns immediately around it in handfomenefs, 
popuioufnefs, woollen manufacture, market place, church and 
college, but did much more excel them in the laft age, as 
well by the glory of its woollen cloths, which they call Man- 
chester cottons , as by the privilege of fan&uary, which l lie 
authority of parliament under Henry VIII. transferred to 
Chefter.” 

The manufacture of thefe cottons was known alfo in 
Wales, as appears from the 8th of Elizabeth, I *66 ; in 
which we have the following historical fadt. In tne town 
of Shrewsbury there hath been, time out of mind of man, 
and yet is, a company, fraternity, or guild, of the art and 
myftery of drapers, which faid fraternity hath by reafon 
ot a certain trade and occupation, of buying and felling 
of Welfh cloth and linen, commonly called JV^/b cottons , 
frizes and plains, which they have had and ufaa amongft 
them, been able not only to live thereby, but ajjfo have, at 
their common coSl, provided houfesand other neceffaries for 
poor people within the faid town of Shrewsbury.” The 
diftin&ion of the WelSh cottons here into frizes and plains, 
is another proof of their being made of wool. 

It is certainly Singular, that the term cotton Should be 
applied to goods manufactured wholly of wool, and which 
from their weight and fubftance could not poSfibly be in- 
tended as imitations of, or fubftitutes for, the cotton goods of 
any other country. 

The fact is however fufficiently evident from the preced- 
ing quotation*, and Still further from the confideration that 
at the prefent day the Kendal cottons , a manufacture which 
lias fubfiSted now near five centuries, are made entirely of 
wool, and that of the coarfeft kind. 

Like the WelSh cottons they are manufactured both frized 
and plain ; and are ufed chiefly for negro cloathing in Ame- 
rica and the Weft Indies, though fome are worn at home 
by the poor or labouring hulbandmen. Various conjec- 
ture* have been offered refpeCting the origin of the name, but 
the moft probable is, that it is a corruption of the word 
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coating , However this may bei it is very certain that the 
Manchester, Cheshire, and WelSh cottons, which in all pro- 
bability were derived from thofe of Kendal, were made en- 
tirely of wool, and that it is to theft goods the observa- 
tion of Leland applies in the quotation we have before 
given. 

To whatever purpofe cotton was applied,* it is certain 
that long before we have any mention of the manufacture 
the raw material was imported into this kingdom. The 
earlieSl record we have met with, in a hafty ana not very ex- 
tenfive fcarch, is preferved by the accurate and indefatiga- 
ble Hackluyt in the firft volume of his ColleCUonof Voyages, 
and is contained in a little work entitled the ** Procefs of 
English Policy.” The intent of the whole poem (for Such 
it is) is to inculcate the abfolute neceflity to our commerce 
and exiilence as a free Slate, of England keeping the domi- 
nion of the Teas ; but it is chiefly valuable for the lift which 
it contains of the different natural productions, as well as 
manufactures /which were at that time the objedts of com- 
mercial interoourfc between the European States. After 
enumerating the various articles which conllitute the trade 
of Spain, Flanders, Portugal, Britain, Scotland, Ireland, 
PruSlia, Germany, Venice, Florence, Brabant, Hollar. 1 , 
&c., he tells us, that 44 Genoa reforts to England in her 
huge Shipp, named Carracks, bringing many commodities, as 
cloth of gold, Silk, paper, much woad, wool, oil, cotton* 
roach alum, and gold coin ; and they bring back from us 
wool and woollen cloth made with our own wool.” It is 
evident from the preceding quotation, that at leaft as early 
as 1430, about which time this little work was firftjjrinted, 
and probably alfo much earlier, this country was lupplied 
by the Genoefe with cotton from the Levant. The 
Genoefc poffeffed this trade till the year 1511, when, ac- 
cording to Hackluyt, from that time to 1534, 44 divers tall 
Ships of London and BriSlol had an unufual trade to Sicily, 
Candia, and Chios, and fornetimes to Cyprus and to Tripoli, 
and Baruth in Syria. They exported thither fundry Sorts 
of woollen cloths, calf-Skins, &c., and imported from thence 
filks, camblets, rhubarb, malmfey,mufcadel, and other wines, 
oils, cotton-wool, Turkey carpets, galls, and India fpiccs. 
The Levant trade was foon after engroffed by the merchant* 
of Antwerp, and till 1 5 75 entirely abandoned by the 
Englilh. Wheeler, who wrote in 1601, fays, that a little 
before the troubles in the Low Countries, the Antwerp- 
ians were become the greateft dealers to Italy, in EnglHh 
and other foreign merchandize, and alfo to Alexandria, 
Cyprus, and Tripoli in Syria, beating the Italians, English, 
and Germans entirely out of the trade, as they alfo foon 
did the Germans at the fairs and marts ot their own 
country.” Accordingly we find from the fame author, that 
cotton was one of the many articles with which they fupplied 
this country at that period, which they brought chiefly 
from Sicily and the Levant, and fornetimes from LiSbon, 
along with many other precious articles which the Portu- 
guese derived at that time from India. After the facking of 
Antwerp the English trade to the Levant revived, and in 
1621 was in a nourishing Slate, as appears from the tefti- 
mony of Mr. Munn, in his treatife on the trade of India, in 
which cotton is enumerated as one of the many articles 
brought by our merchants from the Mediterranean. 

From thefe quotations it is evident, that previous to the 
difeovery of America and the Weft Indies, and for foirie 
time afterwards, this country, and probably all Europe, was 
fupplied with cotton from the Levant. 

Flow far, from this early importation of the raw material, 
we have a right to infer the exiftence of a cotton manufac* 
ture in this kingdom, may perhaps admit of fome difpute. 
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yet it is certainly very probable that* acquainted as we niuft 
have been in fome degree with the cotton cloths of the Eaft* 
and other countries, and furniihed v ith the material foi theii 
fabrication, fome attempts would be made to imitate them. 
One great ufa of cotton no doubt, at thefe early periods, was 
for candle wicks ; and to whatever purpofe elfe it was ap- 
plied, the mauufaAure had made no great progrefs in this 
country till the beginning of the feventccnth century, nor 
docs it appear that on the continent, from whence, till within 
thufe few years, almolt all our manufactures of cloth have 
been derived, the manufacture of cotton had made any 
progrefs before the middle of the fixteenth century. 

Fuftians were firit made in Flanders, if we may credit 
Guicciardini, in his hiitory of the Netlierlands, who how- 
ever afligns no date to their fir ft: introduction. In the little 
work we have before alluded to, anno 143^’ preserved in 
•< Hackluyt’s Collection of Voyages,” they are mentioned 
not only as an article of export from Flanders to Spain, but 
of import alfo from the Eafterlings, Pruffia,and Germany, 
We are difpofed to believe they were firft manufactured in 
Italy, where, from its proximity to the countries affording 
cotton, as well as its earlier communication with thofe na- 
tions which fupplied Europe with cotton cloths, it was more 
likely to originate, than in the more remote and northern 
ilates of the continent : and we learn alfo from Guicciardini, 
in another part of his work, that in 1 560, Antwerp annu- 
ally imported from Milan “great quantities of gold and filyer 
thread, various wrought filks,gold it uffs, fuftians *aud dimities 
of many fine forts, fcarlets, tammies, and other fine and cu- 
rious draperies.* * 

That the manufacture of fuftian came originally to this 
country from the Netherlands is highly probable, and it isfaid 
to have been eftablilhed in the towns of Bolton and Man- 
cheftcr by Proteftant refugees. Fuftians were manufaClur- 
ed there in the beginning of the feventccnth century, and it 
is probable their firit introduction was not much earlier. Had 
the Flemifti carried this manufacture to any great extent, 
it would have found its way to this country much earlier, 
from the vaft number of weavers and manufacturers of 
every description that emigrated to England, from the 
time of Edw, ITI, down to the troubles in the Low Coun- 
tries during the reign of Philip II. of Spain. 

In one of the fumptuary laws of James I., parted in 
the parliament of Scotland in 1621, it is enaCted, « that 
fervants (hall have no filk on their cloaths, except buttons 
and garters, and ffiall wear only cloth, fuftians, and canvas 
of Scotch n anufaCture.*' This prohibition would feem 
to imply a very advanced ftate of the manufacture of thefe 
articles in Scotland. 

The firft authentic document concerning the cotton ma- 
nufacture of this kingdom, is contained in Lewis Roberts 
“ Treafure of Traffic,** publifhed in the year 1641, and is 
as follows. " The town of Manchcfter buys the linen yarn 
of the Irifh in great quantity, and weaving it, returns the 
fame again in linen into Ireland to fell. Neither does her 
induftry reft here, for they buy cotton wool in London that 
comes from Cyprus and Smyrna, and work the fame into 
fuftians, vermilions, and dimities, which they return to 
London, where they are fold, and from thence, not feldom, 
arc fent into fuch foreign parts where the firft materials may 
be more eafily had for that manufacture.” 

The manufacture of linen cloth, properly fo called, never 
we believe, conftituted any great part of the trade of Man- 
chefter, but the fuftians, and indeed all the cotton goods of 
that period, were made of linen warp, compofed of Ham- 
burgh or Irifh yarn, but chiefly ox the latter, and thefe 
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probably formed great part of the linen goods which Mr, 
Roberts fays were returned to Ireland. 

Soon after this period, fuftians were manufactured in 

S uantities at Boltou, Leigh, and the places adjacent $ but 
iolton was the principal market for them where they were 
bought in the grey by the Manchefler dealers, who finifh- 
ed and fold them in tne country. The Manchcfter traders 
went regularly on market days to buy fuftians of the 
weavers, each weaver then procuring nis own yarn and 
cotton as he could, which fubje&ed the trade to great in- 
convenience. To remedy this, the chapmen thernfalves 
furnifhed warps and cotton to the weavers, and employed 
perfons in all the little villages and places adjacent, to de- 
liver out materials, and receive back the manufactured goods 
when finiflied. Each weaver’s cottage formed at that time 
a feparate and independent little factory, in which the raw 
material was prepared, carded, and fpun, by the female part 
of the family, and fupplied woof, or weft, for the goods 
which were wove by the father and his fons. 

The kinds of fuftian then made were herring-bones, pil- 
lows for pockets and outfide wear, ftreng cotton ribs and 
barragon, broad-raced linen thickfets and tuft 9 # with 
whitened diaper, ftriped dimities and jeans. Thefe were 
fucceeded by cotton thickfets, goods figured in the loom, 
draw boys, and at leter periods by cotton velvets, quiltings, 
countctpanes, corded dimities, velvets, velvettceno, and ftrong 
and fancy cords. It is fcarcely poifible to convey any ade- 
quate idea of the varieties of cotton goods that have iffued 
from the loom, fince the firft dawn of this manufacture to the 
prefent time. The pattern cards of Manchcfter goods fent 
out to the continent by the leading houfoa engaged in the 
foreign trade, have prefented fpevimens of near two thou- 
fand different kinds, varying in ftrength and linen c fa, from 
the coarfe and heavy fabrics to the fineft and moft delicate 
muflins, and in colour from the richcft chintz to plain and 
felf-coloured grounds ; fome figured in the loom, fome 
checked and others plain, yet all, or the greateft part of 
them, compofed entirely of cotton. 

For the introduction or improvement of many of thefe 
branches, this country is indebted to the late Mr. Wilfon of 
Ainfworth, near Manchefler; originally a manufacturer of 
fuftian. He early engaged in the manufacture of cotton 
velvets, which, by unwearied efforts, he brought to the ut- 
moft degree of perfection, and confiderably improved the 
mode of drefling, finifhing, and more particularly of dyeing, 
which at that time was very imperfect. His goods, cfpe- 
cially his velvets, were finifhed in a ftyle that acquired a high 
character, both at home, and in the foreign market, and were 
readily diftinguifhed from thofe of any other manufacturer. 
He cleared off the loofe and uneven fibres with razors, and 
burnt or finged them with fpirits of wine. This mode was 
fucceeded by the ufe of hot irons, in form fomewhat re- 
fembling the weavers* drying iron, but rounder, which 
were firft employed by Mr. Witlow : and at a later period 
by cylinders of caft iron heated to rednefs, over which the 
goods were evenly and rapidly drawn, and thus freed from 
that fuperfluous down, or pile, which they had acquired in 
the loom, or in the various operations of wafhing, bleaching, 
or dyeing. w 

Towards the middle of the laft century, or foon after- 
wards, the manufactures above enumerated, or fuch of 
them as were then known, had become of great importance 
to the towns of Manchcfter and Bolton, affording various 
articles for home confumption, as well as for an increafing 
foreign trade, and giving employment to great part of the 
population of the furrounding country. They had arrived at 
that ftate at which a paufe muft naturally have enfued, and 
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beyond which they muft have advanced with the flow and 
gradual increafe of population ; which, aided by every ad- 
vantage, as ‘well as by emigalion from other diftridts, could 
never have kept pace with the demand, without the intro- 
duction of thofe improvements to which this country owes 
the prol’peroua and unrivalled Hate of its cottonmanufadtures, 
and of which we ftiall now proceed to givfe ibme account. 

The mode of fpinning in ufe in this country at . that period 
was by the hand $ on the well known domeftic machine 
called a otic*thread wheel . A Tingle fpindle put in motion 
by a wheel and band turned by the right hand, whilft the 
thread was managed )>y the left, compofed the whole of 
this Ample apparatus, on which one perfon could with 
difficulty produce a pound of thread, by clofe and diligent 
application, the whole day. The goods then manufactured 
were ftrong and coarfe, compared with thofe of the prefent 
day, and little or no thread finer than from i 6 to 20 hanks 
in the pound, each hank mrafuring 840 yards, was then 
fpun. It was fubjedt, as may readily be conceived, to great 
inequalities, its evennefs depending greatly on the delicacy 
of touch, which the fpinner by long habit had acquired, 
and varied with every little difference in the extenfion of the 
thread during twilling, and the revolution of the fpindle in 
portions of the fame length. As the demand for cotton 
goods increafed, various contrivances were thought of for 
expediting this part of the manufacture. A patent was ob- 
tained by a perfon named Paul, and fomc others of London, 
for an engine for a more eafy and expeditious mode of fp in- 
ning cotton, and feveral other attempts were made at lub- 
icqucnt periods, but all with equal want of fuccefs, till the in • 
vention of the Jenncy, by James Hargi eaves* in the year 1767. 
Hargreaves was a weaver at Stanhill, near Church, afew miles 
d 1 it ant from Blackburn, in Lancafhire. He was a plain, 
imluftrious, but illiterate man, and poflefied little mecha- 
nical (kill or talent. Pie refided near the print ground, the 
fir it and infant eftablifhment of the late Robert Peel, efq. 
from whofe hints and converfation he derived much import- 
ant affiftance, and whofe itrong and active mind was at that 
time engaged in the promotion of every ufeful improvement 
connected with that branch of manufacture, in which he 
was afterwards fo extenfively concerned. An anecdote is 
(till recorded in the neighbourhood, which nfcribcs to 
accident the parent of fo many ufeful difeoverkty the firft in- 
vention of tne Jenney. A number of young people were 
one day affembled at play in Hargreaves* houfe* during the 
hour generally allotted to dinner, and the wheel at which he 
or fome of his family were fpinning, was by accident over- 
turned. The thread flill remained in the hand of the fpin- 
ner, and as the arms and periphery of the whetfl were pre- 
vented by the framing from any contadt with the floor, the 
velocity it had acquired ft ill gave motion to the fpindle, 
which continued to revolve as before. Hargreaves furveyed 
this with mingled curiofity and attention. He expreffed 
his furprize in exclamations which are dill remembered, and 
continued again and again to turn round the wheel as it lay on 
the floor, with an intereft which was at that time miftaken 
for mere indolence. lie had before attempted to fpin with 
two or three fpindles affixed to the ordinary wheel, hold- 
ing the feveral threads between the fingers of his left 
hand, but the horizontal polition of the lpindles rendered 
this attempt ineffeftual j it is not therefore improbable, that 
he derived from the circumftance above-mentioned the firft 
idea of that machine which paved the way for fubfequent 
improvement. It confiited at firft of only 8 fpindles, turned 
by bands from an horizontal wheel, in the ceutre of which 
was fixed a vertical (haft, with a handle at the top for the 
(jpinnor. The threads palled between two horizontal pieces 
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of wood, the breadth of the nrtchice, which, when prefled 

together, clafped fail the roving like the huger and th imb oi 
the fpinner, and were thus extended or drawn out. 1 Ic had 
great difficulty in putting up the thread, or winding it on the 
fpindle after twilling, which he at laft accompli flied by means 
of a treadle connected with a wire, and worked by the foot of 
the fpinner. The Jenney in its original form was a rude ma- 
chine. The firft was made almoft wholly with a pocket knife ; 
and the clafp, by which the thread was drawn out, was the 
ftalk of a briar fplit in two. It was, as may readily be conceiv- 
ed, defective in the conftrudtion of thofe parts eUential to the 
performance of its , work, and which an ordinary mechanic 
would have had no difficulty in contriving ; but Hargreaves 
was obliged to work in fecret, and pofleffing little mecha- 
nical fkill, to avail himfelf of fuch affiftance as he could 
procure, without making public the objedt he had in 
view. 

Popular prejudice was foon excited againft him, and the 
threats of his neighbours obliged him to conceal his machine 
for fome time after it fupplicd the woof or weft for his own 
looms. It was, however, generally known that he had made 
a fpinning machine, and his wife, or fome of his family, 
having imprudently boafted of having fpun a pound of 
cotton during a fliort abfence from the lick bed of a neigh- 
bouring friend, the minds of the ignorant and rnifguiaed 
multitude became alarmed, and they fhorlly after broke 
into his houfe, deftroyed his machine, and alfo part of his 
furniture. Hargreaves foon after removed to Nottingham, 
whither he was invited by the flocking weavers of that place, 
and where he aflifted in the eredlion and management of a 
mill, about the time that Mr. Arkwright firft iettlcd there, 
after being in the fame manner driven out, or rather deter- 
red from fettling in Lancashire, by the clamour and pre- 
judice of the people. Hargreaves was little qualified, 
either by education or addrefs, for the fphere of life into 
which he was removed, and after having afiifted various 
perfons in the conftrudtion of machinery, and communicated 
.to each by turns the whole of what he knew*, he died in 
poverty, ill requited by his employers, and little known to 
the country, which has finoe reaped fuch important bene- 
fits from his difeovery. Before lie quitted Lancafhire, he 
had made one or two wheels of 12 or 16 fpindles each for 
fome of his relations or friends, and as the popular clamour 
abated, the number of thefe increafed, till a fecond mob 
fcoured the whole country and deftroyed every machine, they 
could meet with. The value of this improvement however 
was fo flrongly felt, and the meafurcs adopted againft the 
ringleaders of this outrage fo vigorous and decifive, that new 
wheels were immediately conftrudted, and it was remarked 
that many of thofe concerned in oppofing their firft intro- 
duction, were amongft the foremoil to avail themfelves of 
the advantages they now promifed. Various alterations 
were made in the original machine, which from its form wa* 
inconvenient and tirefome to grown up perfons, though gills 
of twelve or fourteen managed it with cafe. The vertical 
wheel was fubftituted for the horizontal one, which render- 
ed it much ealicr to work, and the treadle, which requited 
an aukward and conftraincd pofture,was rendered unneceffary 
by a Ample contrivance managed by th.' hand. They were 
enlarged in their dimeniions from twclv.: lb t wenty, and after, 
wards to thirty, fifty, and even eighty fpindles, and their ufe 
rap idly ex tended over all the country, though their firft intro- 
duction every where met with the moll determined oppofitio .. 
Even at Nottingham, if our information be corredt, a fc- 
nous affray took place on the firft erection of the new nu*- 
chirks, in which Hargreaves himfelf was feverely wounded, 
and a young woman, who had accompanied liirn from Lx;.- 
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ralhire, and had been accuftomed to the management of 
his firft Jenney, nearly loft her life. 

To Hargreaves alio is aferibed an improvement m the 
mode of carding, which, before his time, had been per- 
formed with hand cards, on the knee, a tedious and labori- 
ous operation. Thefe were fucceeded by flock cards, in 
which the lower card was fixed immovable on a ftool or 
flock, which left both hands at liberty to manage the up- 
per one. Thefe were firft ufed in the woollen manufa&ure, 
and introduced into Hargreaves* neighbourhood from Ro- 
fendale. His improvement confifted in applying two or 
three cards to the fame flock, and fufpending the upper 
cards, which from their weight and fixe would othenvife 
have been unmanageable, from the ceiling of the room by a 
cord palled over a pulley, to the other end of which- was 
affixed a weight or counterpoife. With thefe, one woman 
could perform twice as much work, and with greater cafe 
than Ihe could do before in the common way. 

The flock cards were fucceeded foon after by cylinder 
cards, the invention of which is claimed by fo many differ- 
ent perfons, that it is impoflible now to determine to whom 
the merit is due. Amongll the firft who employed them, 
was the late Mr. Peel, who conftru&ed a carding. engine 
with cylinders at Blackburn, as early as the year 1762, in 
which he was alfiftcd by Hargreaves. 

Mr. Peel’s engine confifted of two or three cylinders, 
covered with cards, but had no contrivance for (tripping, 
or taking off the carded cotton. This was performed by 
two women with hand cards, who alternately applied them 
to the lall, or fini filing cylinder, and thus took off the 
carding by turns. This was, in all probability, the firft card- 
ing machine that was made ; but Mr. Peel’s other avo- 
cations not permitting him to purfue the fubjedl at that time, 
it was laid a fide, and fume years clap fed before it was im- 
proved and perfected by other hands. 

Notwithstanding the feu-re punifhment of the ringleaders 
of the lall outrage, and the friendly means adopted to con- 
vince the labouring chits of tin* folly and injuftice of oppo- 
fing thefe ; improvements, b\ which not only the country, but 
themfilves, would in the end be fo materially benefitted, 
conlidcrablc ahum and uneafi.u-fi* were again excited, ar.d 
though no fcarcity of work had been experienced, a belief 
univt rfally prevailed, that all manual labour would foon be 
annihilated by the ufe of thefe new machines. A thiid 
and more numerous mob therefore affembled in the year 
1771J, by which all the machinery turned by water or 
buries, both for carding and lpitming, and all the Jennies 
above a n rtain fi/e, that could be found within eight or ten 
miles of Blackburn, were completely deftroyed. Jennies 
of twenty fpindlcs, or under, were alone relpefted, every 
machine turned by water was demolilhed, and the large 
Jennies were; either cut into two fmall ones that came within 
the five preferibed, or if the owner cbofe, into one of 
twenty fpiudles, by flawing off the extra number which was 
often confirmed to the flames. Thefe and iimilar difturb- 
ances in different parts of the country impeded for an in- 
•flant, hut could not arreft the progrels of this manufa&ure. 
Mr. Peel, vvhofe machinery at Altham was totally de- 
ftroyed and thrown into the river, and whofe perfonal 
fafety was oftentimes in danger from the fury of a licentious 
and ungovernable mob, retired in difguft from the country, 
andeftablifhed a cotton mill at Burton in Staffordlhire, on the 
banks of the Trent, where he continued to relide many years 
afterwards* 

Soon after the invention of the Jenney in 1767, fir 
Richard, at that 'time Mr, Arkwright, brought forward 
his improvement in fpinning, on which he had been long 
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and laborioufly engaged. This diftinguilhed chara&er, 
whofe perfeverance and invention railed him from one of 
the moil humble occupations in fociety to affluence and 
honour, was the youngeft of thirteen children, and was 
bom in the year 1732, at Prelton, in Lancalhire. In this 
neighbourhood was then carried on a confiderable manu- 
facture of linen goods, and linen and cotton mixed, the 
various operations of which he had an opportunity of be- 
coming intimately acquainted with, and being a man of un-» 
common natural powers, he directed his thoughts fo th$ 
improvement of the mode of fpinning, which had probably- 
been conduced for ages by the fame procefs. The firifc 
hint for effecting this improvement, he accidentally received 
from feeing a red-hot iron bar elongated, by being palled 
through iron rollers. Between this operation and that of 
elougating a thread, as now pra&ifcd in fpinning, there is 
no mechanical analogy ; yet this hint being purfued, has 
produced an invention, which, in its confequences, has bceu 
a fource of national and individual wealth unparalleled in the 
annals of the world. 

The difficulties which Mr, Arkwright experienced before 
he could bring his machine into ufe, even alter its conftruc- 
tion was fufficiently perfect to demonftrate its value, would 
perhaps for ever have retarded its completion, if his genius 
and application had been lefs ardent. 

His circuinilances were by far too unfavourable to en- 
able him to commence bulinefs on his own account, and 
few were willing to rifle the lofs of capital on a new ellablilh- 
ment. 

Having at length, however, had the good fortune to fe- 
cure the co-operation of lome perfons who faw the merit of 
the invention, and were willing to aflift his endeavours, he ob- 
tained his firft patent for fpinning by means of rollers in 
the year 1761;, and to avoid the inconvenience of eftablilhing 
a manufacture of this kind in the heart of the cotton manu- 
facture, fuch as it then exilled, he removed to Nottingham. 
Here, in conjunction with his partners, he erected his firft 
mill, which was worked by horfes, but this mode of pro-# 
cedure was found to be too expenJive, and another mill on 
a larger fcale was eredted at Cromford in Derby (hire in the 
year 1771, the machinery of which was put 111 motion by 
water. 

This patent right was contefted about the year 1772, 011 
the ground that he was not the original inventor. He ob- 
tained a verdict however, and enjoyed the patent without 
further interruption to the end of the term for which it was 
granted. 

As the effential part of Mr. Arkwright’s machine was on*, 
tirely new, and was applied with the happieft fuccefs in 
various other forms for preparing the raw material for fpiiv- 
nirig, of which we lhah fpeak hereafter, we (hall panic a 
while in the hiftorical detail of thefe inventions, and explain 
the general principles of its conftru&ion, and thr mode in 
which its operation was performed. Previous to the year 
1 767, as we have already obferved, all the fpinning was 
performed on the domeftic one-thread wheel, of which 
there were two kinds. The firft, which we have before 
deferibed, required the raw material to be previoufly pre- 
pared and carded, and was ufed for wool and cotton. The 
cardings were foft and loofe rolls of the thicknefs of a candle, 
and from eight to twelve inches long, poffefiing little ftrength 
or tenacity, the flighteft force being fufficient to break or 
pull them afunder. One end of this roll being held between 
the finger and thumb of the fpinner, and the other twilled 
round the point of the fpindle, wa* rapidly drawn out dur- 
ing its revolution, and formed a coarfe foft thread called * 
roving. For coarfe woollen goods, this operation was fui- 
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ficient, and the thread was ready for the loom, but for 
fine cloth, and more efpeciafly for cotton, this operation of 
iwifling and drawing was repeated, and the roving was con- 
verted into a fmaller, firmer, and longer thread. To this 
lafl operation, the term J pinning was more particularly ap- 
plied, the firll beiug confidcrcd as preparatory, and was 
generally denominated roving. For fome time after the 
introduction of the Jcnney, this mode of roving on the 
fin gle fp indie continued in ufe, the joining of the (hort rolls 
or cardings, rendering manual dexterity abfolutely neccf- 
fary. 

The fecond mode of fpinning was on the flax wheel, and 
ufed for thofe fubllances, whole fibres from their uature, 
but more particularly from their length, would not admit 
of the preparatory procefs of carding. Their fibres were 
drefled and difpoled in an even and parallel direction, by an 
operation nefembling combing, and were then coiled round 
the head of the di (tuff, affixed to a wheel furnifhed with a 
fpindle, bobbin, and fly. The fly and fpindle moved together, 
and were kept in rapid motion by a wheel and band, worked 
by the foot of the fpinner. The bobbin which received the 
thread, ran loofe upon the fpindle, and moved only by the 
friction of its ends, in proportion as the fibres of the flax 
were difengaged from the diflatf, by the finger and thumb 
of the lpinner, and were twilled by the fly. If wefuppofe 
the machine itfclf to be left at liberty, and turned without 
the afliilance of the fpinner, the twitted thread being drawn 
inwards by the bobbin, would naturally gather more of the 
material, and form an irregular thread, thicker and thicker, 
till at length the difficulty of drawing out fo large a portion 
of the material as had acquired the twill, would become 
greater than that of fuapping the thread, which would ac- 
cordingly break. It is the bufmefs of the fpinner to prevent 
this, by holding the material between the finger and thumb, 
and by feparating the hand during the ad of pinching, that 
the intermediate part may be drawn out to the requihte de- 
gree of finenefs previous to the twill. 

To accomplifli thefe ends by machinery, the objed of 
Mr. Arkwright’s invention, two conditions became indif- 
penfably neceflary. lit. That the raw material (hopld be fo 
prepared as to require none of that intellcdual (kill, which 
is capable of feparating the knotty or entangled parts as they 
offer themfolves. And 2dly. That it (hould be regularly 
drawn out by certain parts refembling the finger ;and thumb 
of the fpinner. The iiril of thefe was completely fulfilled 
by the various machines and contrivances for the prepara- 
tion of cotton for fpinning, which iir Richard afterwards 
invented and obtained a patent for; the fecond was accom- 
plilhcd in his firll and capital machine, lince called the Twill, 
or Water Frame. 

The contrivance for drawing out the thread conllituted 
the great merit of the invention, the fly, bobbin, and fpindle 
conncded with it, being derived with little alteration from 
the flax whrel before described. It confided of a pair of 
cylinders, (lowly revolving in contadl with each other, at a 
l.i tie dillaiice from a fecond pair revolving with greater 
velocity, the lower cylinder of each fet being furrowed, or 
fluted, in the dirc&ion of its length, and the upper ones 
neatly covered with leather to enable them to hold the 
thread. If we fuppofe the end of a roving, orloofely 
twilled thread, to. be pafled through the firll pair only, it 
may readily be imagined that it wm be gradually drawn off 
the bobbin, and pafs through the cylinders without differ- 
ing any other fcnfible change in its Form or texture, than a 
flight compreffion from the weightof the incumbent cylinder. 
But if from the firftpair it be differed to pafs immediately 
tp the fecond, whole furfaces revolve much quicker, it u 
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evident that the quicker revolution of the fecond pair, will 
draw out the cotton, rendering it thinner and longer, 
when it comes to be delivered at the other fide. Tins is 
recifely the operation which the fpinner performs with hi* 
nger and thumb, aud the application of this fimple and 
beautiful contrivance to the fpindle and fly of the common 
flax wheel produced that machine for which Mr. Ark- 
wright’s firll patent was obtained, aud which laid thefounda- 
tion of all his fubfequent difeoveries. 

Soon after the ere £1 ion of his mill at Cromford, Mr. 
Arkwright made many improvements in the mode of pre- 
paring the cotton for fpinning, and invented a variety of 
ingenious machines for effecting this purpofe in the moll 
corredl and expeditious manner ; for all of which he obtained 
a patent in the year 177^. 

The validity ot this fecond patent was tried in the court 
of King’s Bench, in the year 1781, and a verdidl was given 
againll him on the ground of the infufficiency of the 
fpecification, but on the 17th of Ftbruary 1785, in the 
court of Common Pleas, before lord Loughborough, the 
quettion was again tried, and he obtained a verdidl, having 
ellablilhed by evidence the fufficicncy of the fpecifica- 
tion. 

This Verdid, in confequence of great numbers having 
engaged in the ere&ion of machines during the interval of 
four years that had clapfed iince the former decifion, occa- 
sioned confiderable alarm, and raifed up a boll of enemies, 
from whom a premium on each fpindle was demanded, under 
the threat of immediate iuit An aflbeiation was formed of 
the manufacturers principally concerned in the bulinefs, and 
another caufe inflit uted o)T writ of feire facias, was tried 
before judge Buller in the court of King’s Bench, on the 
15th of June 1785, in which, after a very long trial, he 
was call on the ground of his not being the original 
inventor. 

Confcious that this was not the cafe, he moved in the 
court of King’s Bench, on the 10th of November 1785, for 
a new trial ; Haling that, not bcing'awarc of the nature of the 
evidence to be brought forward on this trial for the firtt time 
after fo many years nad^elapfed, he was then unprepared, but 
was now able to fubflantiate by proofs the falfity of great 
part of the evidence which went to that point. The rule 
howeier was refufed, and on the 14th November J785, the 
court of King’s Bench gave judgment to cancel the letters 
patent. 

The inventions claimed by Mr. Arkwright, which gave 
rife to thefe reiterated contells with the rival manufa&urera 
of Lanca/hire, related chiefly to the operation of carding, 
which was now brought to great perredfcion. Before we 
enter however mto any account of thefe improvements, it 
will be neceflary to take a (hort view of the nature of this 
operation, and the mode in which it was performed at the 
date of Mr. Arkwright’s fecond patent. 

The card is a kind of brufli made with wires inftead of 
hair, (tuck through a (beet of leather; the wires not being 
perpendicular to the plane, but all inclined one way in a 
certain angle. 

From this defeription, fuch as are totally unacquainted 
with the fubjedl, may conceive that cotton, being (luck 
upon one of thefe cards or bru flies, may be ferapea with 
another card in fuch a dire&ion, that the inclination of the 
wires may tend to throw the cotton inwards , rather than 
fuffer it to conie out. The confequence of the repeated 
(Irokes of the empty card againll the full one, rauft be a 
diilrihution df the cotton more evenly on the furface, and 
if one card be then drawn ia the ofpojjtc direction acroft 
the other, it will, by virtue of. the inclination of its wires, 
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clination is the coiitta y way. 

In this mode, the operation of carding was Formerly per- 
'formed by hand with (hcets of card nailed upon thin 
boards, which were drawn and feraped agafi.ft each other, 
till tht cotton or wool was evenly diiiufed over the furface, 
and ficcd from all the knotty or cnlaugh d pails. One of 
the cards being then turned and applied in an inclined po- 
fition, fo as to ferape with one edge over the furface of the 
other card, in the direction of its teeth, the cotton was, by 
a particular manoeuvre, ftripped off and coiled up into 
thofe fliort foft rolls which wc have fpoken of already 
under the name of carding. r. Such, in all probability, was 
the procefs employed wall little alteration, during the live 
kill centuries in the woollen manufacture of this kingdom, 
and applied at ftibfequeur periods to the preparation of 
cotton. The ufe of cards was mofi likely derived from the 
Netherlands, at or before the time our woollen manufactures 
were improved by the envgmtion of Fiemlfli weavers to this 
country, during the reign of Edward III. 

They continued to be imported lather till the year 1463, 
when the tradefmen and manufacturers of London, and 
other parts of England, having made heavy complaints to 
parliament of the obftruSion to their own employment by 
the introduction of various foreign manufa&ured wares, an 
adt was paired in the third year of Edward IV., prohibiting 
wool-cards, and various other articles of iron, fteel, copper, 
&c. from being imported into this kingdom. 

The hand-cards were fucceeded by ftocl^cards, and 
thefe again by cylinder cards, as we have already obferved, 
which were firft attempted about the year 1763. 

This machine confided of two or more large cylinders 
covered with cards, revolving in oppofite directions, and 
nearly in contaft with each other, and furmounted by other 
fmaller cylinders covered in like manner, by whofe revolu- 
tions in various directions, and with different velocities, the 
cotton was carded and delivered to the laft or finifhing cy- 
linder, from which it was ftripped off by different contri- 
vances. The cards were nailed on in ftripes, or fheets of 
fix or eight inches broad, and the margin of each fheet in 
w hich the nails were driven, being deftitute of teeth, formed 
fo many intervals or furrows acrofs the furface of the cy- 
linder. 

The cotton was ftripped off firft by hand, as in Mr. Peel’s 
machine, and afterwards by a fluted cylinder, or by a roller 
armed with flips of tin-plate or iron, Handing ereCt like the 
foals of an underfhot wheel, and which revolving quicker than 
the card, and in clofc contact with it, feraped off the cot- 
ton in diitinft portions from each ftripe or fheet, which fell 
into a receptacle below. This was a harfh and rude ope- 
ration, and rubbed and injured not only the carding, but 
the cards themfelves. Mr. Arkwright fubftituted for the 
fluted cylinder a plate of metal finely toothed at the edge, 
and moved in a perpendicular direction rapidly up and down 
by a crank. 

The flight, but reiterated ftrokes of this comb, adding 
on the teeth of the cards, detached the cotton in a fine and 
uniiorm fleece. On the finifhing cylinder alfo, narrow 
fillct-cards, as they are termed, wound round in a fpirai 
form, were fuhftituted for the ordinary cards nailed 
acrofs. 

The continuity of the fleece was thus preferved, which 
was deftroyed before by the intervals or furrows we have 
alluded to, and being gradually controlled in its fixe, by 
©offing through a kina of funnel, and flattened or eompreffed 
between two rollers, was delivered into a tin can in one con - 
tinned) uniform , perpetual carding , fo long aa the machine 
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continued in motion, and was fupplied with the raw ma# 

terial. 

This is, without exception, one of the moft ftriking and 
beautiful operations in the whole procefsot fpinnir.g. Mr. 
Arkwright’s right to the invention of the crank and ccinb 
was the difputed point at the laft hearing of this caufc, 
and the evidence which he was unprepared to meet having 
proved to the fatisfa&ion of the jury, the prior claim of a 
mechanic, named. Hcyes, his exclufive right, not only to 
this improvement, but to all others included in the lame 
patent, was cancelled by the judgment of the court. How 
far Mr. Arkwright would nave been able in the event of 
another hearing to have difproved the evidence thus unex- 
pectedly brought forward, is not eafy to determine. That 
the crank had been applied in fome way or other, prior to 
the date of Mr. Arkwright’s patent, though in a much lefs 
efficacious and approved manner, wc believe will admit of the 
fulleft proof, and this circumftance, in a cafe in which the 
filtered of a great body of manufacturers was deeply con- 
cerned, and was oppoled only*by that of a Angle individual, 
would, in all probability, have confirmed the former dcci- 
fion in a court already weary of the difeuffion. 

The improvement, as far as Mr. Arkwright was con- 
cerned, was original, and undoubtedly his own, and bears 
evident marks of that genius and happy invention which 
fo ftrongly characterize every part of his machinery. He 
was anticipated in a (ingle idea before it was matured and 
brought forth, and in this inftance loft the fruits of his induf- 
try and talents. His claim to the fpirai cards, which produce 
the endlefs, or perpetual carding, has however never been 
.difputed. At the fame time Mr. Arkwright brought for- 
ward other machines peculiarly adapted to the preparation 
of the materials for his own mode of fpinning, and founded 
on the principle of his former invention. The firft of thefe, 
in the feries of fuccefiive operations, is the drawing frame* 

This machine confifts of a fyftem of rollers (irnilar to 
thofe before deferibed in the tw'iil frame, revolving with 
different velocities, either from the variation of fize in the 

f iairs of rollers, their performing a different number of revo- 
utions in the fame fpace of time, or from both thefe caufcs 
united. Three or more cferdings coiled up in deep tin cans 
are applied at once to thefe rollers ; in their paffage through 
which, they not only coalefce fo as to form one (ingle draw- 
ing , but are alfo drawn out or extended in length. This 
piocefs is feveral times repeated; three, four, or more 
diawings, as they are now termed, being united and paded 
between the rollers ; the number introduced being fo varied, 
that the laft drawing may be of a iize proportioned to the 
finenefs of the thread into which it is intended to be fpun. 
By this operation, the fibres of the cotton are drawn out 
longitudinally, and difpofed in an uniform and parallel direc- 
tion, and ail inequalities of thicknels are done away by 
the frequent doubling or joining of fo many different lengths. 

A third machine was contrived by Mr. Arkwright for 
giving the neceffary degree of twift to thefe prepared lengths 
of cotton. In the ftate in w'hich it comes from the draw- 
ing frame, it has little ftrength or tenacity, and is received 
into fimilar deep cans, from w hence it was paffed through 
the rollers. To enable it to fupport the operation of wind- 
ing, it is again paffed through a fyftem of rollers fimilar to 
thofe in the laft machine, and received in a round conical 
can revolving w'ith confideroble fw’iftnefs. This gives the 
drawing a flight twilling, and converts it into a foft and 
loofe thread, now called a roving, which is wound by the 
hand upon a bobbin, by the fmaller children of tke mill, 
and then carried to the fpinning or twill frame, of which 
we have already fpoken. 



COTTON 

SuA are the Invention! end improvements for which we 
ar* indebted to the genius of Mr. Arkwright, and which 
compleat a feries of machinery, fo various and complicated, 
yet to admirably combined and well adapted to produce 
the intended effe& in its moft perfeft form, as to excite the 
admiration of every perfon capable of appreciating the dif- 
ficulty of fuch an undertaking. And that all this fltould 
have been accomplifhed by the Angie efforts of a man with- 
out education, without mechanical knowledge, or even 
mechanical experience, is moft extraordinary, and affords a 
ftriking inftancc of the wonderful powers displayed by the 
human mind, when its powers are fteadily directed to one 
object. 

Yet this was not the only employment of this eminent 
man, for at the fame time that he was inventing and im- 
proving the machinery, he was alfo engaged in other un. 
dertakmgs, which any perfon, judging from general ex- 
perience, mult have pronounced incompatible with fuch 
puriuits. He was taking meafures to fecure to himfelf 
a fair proportion of the fruits of his induftry and in- 
genuity ; he was extending the bufinefs on a large fcale 5 
he was introducing into every department of the manufac- 
ture a fyftem of induftry, order, and clcanlinefs, till then 
unknown in any manufaftory where great numbers were 
employed together, but which he fo effectually accomplifhed, 
that his example may be regarded as the origin of almoft all 
fimilar improvements. 

When it is confidered, that during this entire period he 
was afflidted with a grievous diforder (a violent aithma) 
which was always extremely oppreflive, and threatened 
fometimes to immediately terminate his exiftence, his great 
exertions mull excite aftonilhment. For fome time pre- 
vious to his death, he was rendered incapable of continuing 
his ufual purfuits, by a complication of difeafes, which at 
length deprived him of life, at the Rock Houfe, Cromford, 
on the 3d of An gu ft 1792, in the 60th year ot his age. 

The honour of knighthood was conferred on him in 
December 1786, on the occafion of presenting an addrefs to 
his majefty. 

In the infancy of the invention, fir R. Arkwright ex- 
preffed ideas of its importance, which to perfon* lefs ac- 
quainted with it 8 merits appeared ridiculous, but, he lived 
long enough to fee all his conceptions more than realized 
in the advantages derived from it, both’ to hiirdfelf and his 
country ; and the ftate to which thofe manufa&ures depend- 
ant on it have been advanced lince his death, makes all that 
had been previouflv effected appear comparatively trifling. 

The fyftem of lpinning introduced by fir Richard was 
found moft particularly applicable to the production of 
thread' for warp, whilft the Jenney of Hargreaves was 
chiefly employed in fpinning the woof, or weft, for the 
coarfe kinds of which it was better adapted, indeed, than 
the more perfect machine of fir Richard. 

On thefe machines were fpun.for fome years after their 
introduction all the twill a id weft in the kingdom ; the 
ufe of the Jenney has, however, fince been almoft wholly 
fuperfeded by a third machine, called a Mule, for the in- 
vention of which we are iudebted to the ingenuity of Mr. 
Samuel Crompton of Bolton. 

The mule was invented about. the year 1776, during the 
term of fir Richard’s patent right, and did not on that ac- 
count come into general ufe till after its expiration. It is 
a compound of the two machines of Arkwright and Har- 
greaves, and is confidered, as its name imports, as the off- 
lpring of the twift frame and Jenney. It confifts of a 
fyftem of rollers like thofe of the twift frame, through 
which the roving is drawn and received upon fpindles, 
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uires the twift. The carnage on which the fpindles are 
ifpofed is moveable, and receding from the rollers fome- 
what quicker than the thread is delivered, draws or extends 
it in the fame manner as it done by the Jenney, See 

Mulk. 

This compleats theferies of machines now in ufe, and is 
the only important difeovery in fpinning fince the invention 
of fir Richard Arkwright, on which indeed its chief merit 
is founded. 

Of its excellence, and alfo of thofe other machines em- 
ployed in the different preparatory proceffes, fome idea may 
perhaps be formed, when it is dated that a pound of fine 
cotton has been fpun on the mule into 350 hanks, each 
hank meafuring 840 yards, and forming together a thread 
167 miles in length. 

Hitherto we nave entered only into fuch details of the 
different procefll-s of fpinning as were neceflhry to elucidate 
the hiftory of their invention, and exhibit both the fourccs 
and progrefs of the various improvements. 

The operations which cotton undergoes in its paffage 
from the raw material to the ftate of thread, arc various 
and multiplied in proportion to the finenefs required, and 
the different ufes to which it is deftined. 

If we analize thefe operations, they refolve themfelvea 
into the following ; Batting, carding, doubling, drawing, 
and twifting. The three latter are never performed fingly, 
but are varioufly joined in the fame machine ; and the lame 
elementary proceffes are oftentimes repeated iu different 
machines, with various and different effects. 

With reference to thefe effects, the operations which 
cotton undergoes, may be denominated batting, carding, 
drawing, and doubling, roving, and fpinning. 

Battingy is that operation which prepares the cotton for 
carding, by opening and difengaging the hard comprefTe<L 
maffes, in which it comes from the bales. 

1 1 is performed by beating the cotton with flicks on * 
fquare frame, acrofs which are ilretched fmall cords, about 
the thicknefs of a goofe quill, with intervals fuffieient to 
fuffer the feed, leaves, and other adventitious matter to fall 
through. 

When a hard matted or comprefled mafs of cotton . is 
fmartly itruck with a flick, the natural elalticity and refili- 
ency of its fibres, gradually loofen and difengagtr them, 
and the cotton recovers by repeated ftrokes all its original 
volume. During this operation the feeds, &c. which 
adhere, are carefully picked out by the hand, and the cot* 
ton rendered as clean as poflible. 

Batting is generally and belt performed by hand, though 
the fcarcity of hands and coft of labour have rendered otner 
contrivances neceffary. For a defeription of the batting 
machine, with o’ her particulars relative to this operation, 
fee Machine. 

Car dingy is that operation in which the firft rudiments of 
the thread are formed. It is performed, as we have before 
ftated, by cylinders covered with wire cards, revolving with 
coufiderable fvviftnefsin oppofite directions, nearly in contact 
with each other, or under a kind of dome or covering, the 
under furfaceof which is covered with fimilar cards, whofe 
teeth are inclined in a direction oppofite to thofe of the 
cylinder. 

By this means the feparation of almoft every individual 
fibre is effected, every little knotty or entangle*! part difen- 
gaged, and the cotton fpread lightly and evenly over the 
whole furface of the laft or fimfhing cylinder, from which it 
is ftripped by the contrivance we have already deferibed. 

for Jenney fpinning, which is ftill in ufe for the coarfet 
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kinds of thread, the carding! are dripped off in feparate 
lengths. The (inifhing cylinder is covered with the ordinary 
cards nailed on in (tripes acrofs, and the cotton contained 
between the margins or intervals of each ftripe, forms one 
carding, whofc length of courfe depends on the width of 
the engine, or cylinder. When dripped off by the crank 
and comb, it forms a loofe and (hap clefs film, which fall- 
i-ig on the furface of a plain wooden cylinder, the lower 
half of which revolves within a hollow (hell or cafing, the 
co ton in its paflage is rolled up and delivered at the other 
fide in perfect and cylindrical cardings. 

For mule or water fpinning, the finifhing cylinder is 
covered with fpiral or fillct-cards, and the cotton being 
taken off in one continued fleece, and contra&ed by paffing 
through the funnel and rollers, forms one cndlefs and per- 
petual carding, which is interrupted only, or broken, when 
the tin can that receives it is compleatly filled. 

In the Jeuncy carding, the fibres of the cotton are dif- 
pofed acrofs or at right angles to the axis of the carding ; 
in the perpetual carding they are difpofed longitudinally, 
or in the direction of its length, and it is this circumllance 
which renders the carding deftined for mule or water fpin- 
liing, inapplicable to the Jenney, and vice verfd . For fur- 
ther details, and a defeription of the carding engine, we 
mu ft refer our readers to the article Engine. 

Drawing, and Doubling , is one of the preparatory pro- 
cedes for which we are indebted wholly to fir Richard Ark- 
wright, and belongs exclufively to the mule, or water 
fpinning. 

The doubling, or paffing three or four cardings at once 
through a fyflem of rollers, by which they are made to 
coalefce, is intended to correct any inequalities in the thick- 
refs of the cardings, and alfo to admit of their being fre- 
quently drawn out or extended by paffing through the 
rollers. The effeCt of this frequent drawing is to difpofc 
the fibres of the cotton longitudinally, and in the molt 
perfect (late of parallelism. The operation of carding 
effeCts this in a certain degree ; yet the fibres, though parral- 
lei, are not ftraight but doubled, as may ealily be fuppofed 
from the teeth of the erfrds catching the fibres fometimes in 
the middle, which become hooked or fattened upon them. 
Their difpofition is alfo farther difturbed by the taker-off 
or comb, which (trips them from the finifhing cylinder ; 
and though the general arrangement of the fibres of a card- 
ing is longitudinal, yet they are doubled, bent, and inter- 
laced in fuch a way, as to render the operation we are no# 
fpeaking of absolutely neceffary. 

When the cardings have been pafled four or five times 
through the drawing frame, every fibre is flretchcd out 
at full length, and dilpofed in the molt even and regular 
direction ; and though the average length of a fibre of cot- 
ton is not two inches, yet the finifhed drawing, as thefe 
prepared cardings are now termed, has ail the appearance of 
slock of Jerfey wool, whofe fibres, fix or eight times as 
long as thofe of cotton, have been carefully and fmoothly 
combed. 

Roving, is that operation by which the prepared cotton, 
ss it comes from the carding engine, or drawing frame, 
m twilled ' into a loofe and thick thread, and wound upon a 
fpindle or bobbin. 

In Jenney fpinning, the cardings are roved without any 
other preparation, by a machine called a roving billy, for 
s defeription of which, with other particulars relative to 
Jenney fpinning, fee Jenney. 

In muleortwift fpinning, the prepared carding or draw- 
ing, as it is termed, is again pafled through a fyflem of 
eoSer!, and is twilled, either by a rapidly revolving can, into 
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which it is delivered from the rollers, or by a fly and fpindle 
fimilar to thofe of the flax wheel ; in the latter cafe it is 
wound on the bobbin by the machine ; in the former it is 
received in the conical can in which it acquires the twiftj and 
is afterwards wound upon bobbins by the fmaller children of 
the mill. 

Sir Richard Arkwright always employed the revolving 
can, and it is Hill employed in many of the firft mills in 
the country. The roving frame with fly and fpindle, which 
is in faCl nothing more than the twift frame of fir Richard, is 
now however very generally in ufe, efpecially fincc later im- 
provements have removed objections to the machine, which 
rendered its ufe heretofore inconvenient. See Frame. 

The operations through which the thread paffes after it 
has received the firft t wilt arc various, and depend greatly on 
the ufe it is intended for. 

The finer it is required, the oftener it is drawn ont 
and twilled, till by degrees, as in the proccfs of wire-draw- 
ing, it is brought down to the finenefs required. The 
rovings aie therefore dillinguiflicd into firft, fecond, and 
third, according to the number of operation;? they have gone 
through. 

Spinning, is the Jail operation which the thread undergoes 
in the feries of precedes employed in converting it into 
thread, and is that in which it receives the final ex trillion 
and twilling. 

It is performed cither on the Jenney, twift frame, or 
mule. Of thefe machines we have already fpoken generally, 
and alfo of the nature of their operation ; for further and 
more particular details, wc mud refer our readers to their 
proper heads. 

Such are the operations by which the raw material is 
brought into the (late of thread, and Inch the improvements 
by w r hich the cotton manufacture of this kingdom lias ar- 
rived at its prefent unexampled (late of proiperity. We 
cannot give our readers a better idea of the effeCls immediate- 
ly refulting from thefe various improvements and difeoveries, 
than by the following extracts from a pamphlet, published 
in the year 178S, intitled, “An important Crifis in the 
Calico and Muffin Manufactures of this Country explained 
the purport of w hich w*as to warn the nation of the bad con- 
fequences which would refult from the rivalry of the Eafl 
India cotton goods, which then began to be poured into the 
market in increafed quantities, and at diminilhed prices. 

The author afferts, that, not above 20 years before the 
time of his writing, the whole cotton trade of Great Britain 
did not return 200,000/. to the c^pitry for the raw material, 
combined with the labour of the people ; and at that period, 
before the introduClion of the twift frame and Jenney, 
the power of the finglc wheel could not exceed 50,000 
fpindles : 

In 1 78 7, the number of cotton mills, as near as intel- 
ligence could be procured, was as follows : 


In Lancafhire 41 Flintfhire 3 

Derby (hire 22 Pembrokefhire 1 

Nottinghamshire 17 Lanerkfhire 4 

Yorkfture 11 Renfrewfhire 4 

Chefttire 8 Perthfhire 3 

Staffordfhire 7 Edinboroughfhire 2 

Weflmorland 5 Reft of Scotland 6 

Berk (hire 2 Iflc of Man 1 

Reft of England 6 

119 24 
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The whole being 143, the coil of which was 

eftimated at - - £ 715,000 

There were at the fame time 550 mules, and 
20,700 Jennies, containing, together with the 
water frames, 1,95 1,000 lpindles ; the coil of 
which, and of the auxiliary machine y, together 
with that of the buildings, is fluted to have been 
at leafl - - 285,000 

The total expenditure being £ 1, coo, 000 

Thefe eflablifliments, when in full employment, were 
eftimated to produce as much cotton yarn as could be fpu’i 
on the fingle fpindlc by a million of perfons; and inttead 
of diminifhing the employment of the people as was appre- 
hended, they called vail numbers from idleutTs to com- 
fortable independence. At this time they were iuppofed to 
give employment to 26,00: men, 31,000 women, and 
53,000 children in fpinning alone ; and in all the fubiequent 
ftages of the manufacture the number of perfons employed, 
was ellimated at 133,000 men, 59,000 women, and 48,000 
children, making an aggregate of 159,000 men, 90,000 
women, and 101,000 children, in all 350,000 perfons em- 
ployed in the different branches of the cotton manufac- 
ture. 

The quantity of the raw material confumed in this ma- 
nufacture, which in 1781 did not amount to 6,000,000 lbs., 
in the year 1787 exceeded 22,000,000. The aftonifliing 
rapidity of this inereafe, which will be more clearly (hewn 
by the following flatement, is to be in a great meafnre 
attributed to the extenfion of the manufacture to the goods 
of India, particularly calicoes and muflins. 

Cotton ufed in the Manufactures of Great Britain. 




Suppofcd value 

Yeais. 

Pounds, 

*h-n MsnuladurcJ 

1781 

5,101,920 

£ 2 , 000,000 

1782 

U, 206 , 8 l 0 

3,900,000 

*783 

9.546.179 

3,200,000 

1784 

I 1,280,238 

3,950,000 

1785 

17,992,888 

6,000,000 

1786 

19,151,167 

6,500,000 

1787 

22,600,000 

8 

O 

O 

O 

The cotton imported for the manufacture of 1787, was 

of the following growth : 


Britilh Weft India, eftimated at 

6,600,000 lbs. 

French and Spanifti fettlcments 

6,000,000 

Dutch Settlements 

1,700,000 

Portuguefe ditto 

2,500,000 

Eaft India, procured from Oftend 

0,100,000 

Smyrna 

and Turkey 

5,700,000 



22,600,000 


The application of this cotton to the different branches 
of manufacture was fuppofied, by intelligent perfons, to 
have been as follows; 

Candle wicks • 1,500,000 lbs. 

Hofiery . - 1,500,000 

Silk and Linen mixtures 2,000,000 

Futtians - 6/300,000 

Calicoes and Mullins - 1 1 ,600,000 

22,600,000 
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In the branches applicable to muflin and calico alone, »jt 
was calculated that employment was given in England and 
Scotland to 100,000 men and women, and at leaft 60,000 
children. 

The progrefs of the Irifh in the fame line of induftry 
mu(l not be overlooked, and the laudable and fpirited ex- 
ertions of captain Robert Brooke deferve to be more parti- 
culuily noticed. In the year 1780, that gentleman efta- 
blifned a cotton manufactory on his lands filuated on the 
great canal about 18 miles W. of Dublin. In 1782, the 
government of Iidmd, undcrllauding that fomc of the ma- 
nufj&iirers of Mauehelter intended to remove to America, 
and carry their machinery with them, found means to per- 
fuade them to go to Ireland, and gave captain Brooke 
about 3000 /. for fettling them in houfes upon his lands, and 
they afterwards advanced him 32,000/. upon intereft and 
fecunty, that he might give employment to a great number 
of weavers who were then ftarving and riotous for want of 
employment in Dublin. By means of thefe and other ac- 
quifitions of inhabitants, the manufacturing village which 
was called Profperous, confided now of Tevcral hundred 
houfes, eredlcd on a fpot where, in the year 1780, there 
flood one fingle hut ; and the manufadture gave employ- 
ment to about three tlioufand men, women, a ;d children. 
Befides captain Brooke’s, which was the principal one, there 
were at tins time fevcral other manufactures of cottun 
eitablifhed in various parts of Ireland by the fpirited exer- 
tions of individuals, and the liberal encouragement of 
parliament. 

It may be proper here to obferve, that two fpinning 
mills were eftablifhed in France, near Rouen, under the 
diredtion of Mr. Holkcr, an Englifh manufacturer, who, 
with his partners, was alii lied and patronized by the French 
government : and it was not long before Arkwright's machi- 
nery was even tianfported acrofs the Atlantic, and a 
fpinning mill credit'd in Philadelphia. 

Calicoes were firft brought hither from India fn the year 
1631, and derived their name from the province of Calicut, 
where they were chiefly made or exported. They were firft 
manufadlured in this country about the year 1772, or 1773. 
Various attempts had been made previous to this time 
to manufacture cloth with cotton warp or web, but owing 
to the imperfe&ion of the twill or yarn, fpun either on the 
one thread wheel or Jenney, they all proved unfuccefsful. 
The warp was too flimfy, and unable to fupport the ftretch 
or tenfion of the loom, or when it did, too foft to form a 
cloth of firm and ufeful texture. The improvements that 
rapidly followed the introdudtion of machine fpinning,' and 
more efpccially thofe of fir Richard Arkwright, foon re- 
medied this dcfedl ; yet, though moft excellent yarn or 
twill was produced, the manufadlurers could not at firft 
be prevailed upon to weave it into calicoes. Mr. Strutt, 
therefore, of Derby, in conjunction with Mr. Samuel Need, 
both in partnerfhip with fir Richard Arkwright, attempted 
the manufacture of calicoes about the year 1773, and 
proved fuccefsful ; yet after a large quantity had been made, 
it was discovered that they wereTubjeA to double the duty 
(via. 6</. per yard^ of cottons with linen warp, and when 
printed were prohibited. They had therefore no other re- 
source than to afk relief of the fegifiature, which after great 
expence and opposition, they at length obtained, and thtis 
laid the foundation of a branch of manufacture which 
has fince become one of the moft important in the king- 
dom. 

The manufacture of calicoes was begun at Blackburn* m 
Lapcalhire, about this period alfo, at firft from twift fputi in 
the neighbourhood upon Jennies, but afterwards principally 
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from the water twift. The goods manufactured here be- 
fore the introdu&ion of calicoes, were Blackburn greys* 
made of cotton woof, but linen warp of Hamburgh or frith 
yarn, but chiefly of the latter, Thefe goods, which were 
the calicoes of that day, were manufa&ured as early as the 
year 1727, at which period all the cotton goods, fuch as 
pillows, jeans, jennets, moil of the cords and thickfets were 
mide with linen warp, and even the warps for dimities 
were half linen. The Blackburn greys were fold in 
the unbleached ftate to the calico-printers of London, and 
afterwards to thofc of Lancafhire and Chefhirc, till the in- 
troduction of the real calico put a flop to this manufacture 
about the year 1775. 

Blackburn has lince become the great mart for calicoes, 
and the chief Tource from whence the printers of Lancafhire, 
as well as thofe of London and Scotland, are fupplied. 

The quantity manufactured, or rather fold there, (tor the 
Blackburn honfes employ weavers in all parts of the fur- 
rounding country, and even at confiderablcdiftanccs) amount- 
ed a yiar or two ago to upwards of one million pieces annu- 
ally. The quantity now made is perhaps lefs than this, 
but of finer quality, a larger capital is employed, and the 
manufacture is on the increafe. 

The quantity of calicoes manufactured in the whole king- 
dom, not twenty years ago, wan little more than half what 
the Blackburn market now affords, and it is probable that this 
forms but a fmall part of the quantity annually made in this 
country. They are chiefly printed into garments, (bawls, and 
furnitures, both for home confumption, and a confiderablc 
foreign trade. The finer forts are worn as drefFes, white 
or plain, and large quantities are ufed for linings, and other 
purpofes for which the coarfer kinds of linen were formerly 
employed. 

The lightnefs, as well as cheapnefs, of the calicoe, has 
rendered it a chief article of drefs amongft all claffes of peo- 
ple, and annihilated the manufacture of many of the lighter 
kinds of woollen and worfted fluffs, formerly fo much in 
demand. The trade of Halifax, and the furrounding 
country, which confifted almoft wholly in fuch fluffs, has 
gone entirely to decay, and been replaced by the manufac- 
ture of calicoes and other cotton goods : and fuch are the 
quantities now manufa&ured, more efpecially in the coun- 
try around Colne, and thence to Bradford, that from 1 6 to 
20,000 pieces are brought weekly to the Manchefler 
market ; the produce of thofe diftri&s which adjoin, or are 
included between thefe two towns. 

To the fame improvements in fpinning which gave birth 
to the manufa&ure of calicoes, w ? e are indebted tor that of 
muffin, a branch not lefs important to the country than 
honourable to our pride and induftry as manufacturers. For 
this elegant article of drefs all Europe had long been tri- 
Butaryto-India, where the manufa&ure has, through the long 
lapfe of- ages, arrived at the greateft pcrfe&ion. Muflins 
were, firft introduced into this country by the Eaft India 
company, about the year 1670, before which .time cambrics 
and Silefia lawns were worn, and fuch fine linens from 
Handers and Germany, as were brought back in exchange 
for our woollen manufa&ures of various kinds exported 
thither- in confiderablc quantities. The manufa&ure was 
attempted at Paiflty as early as the year i;co. A few 
looms were* employed* but this trade was foon annihilated 
by. the introduction of the goods of India. Eighty years 
afterwards a more fucccfsful rivalfhip commenced. Britifli 
muflins were firft fuccefsfully introduced in the year 17^1, 
but were carried to no great extent till 1785, fince which 
period their progrefs has been rapid beyond all ex ample. 

t|» year' 1787* it was computed, that not lefs than 
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500,000 pieces of muffin, including fliawls and handkerchiefs* 
were annually made in Great Britain. The manufa&urg 
has, from that time to the prefent, continued progrdfively 
to increafe and improve, and bids fair to become the moil 
lucrative and extenfive of any in this country. The 
rapidity with which it approaches to perfe&ion, and its 
furprifi ng extent in the (hort fpace of twenty years, are 
amongft the many important confequences that have refult* 
ed from the improvements in the art of fpinning. 

By the cheapnefs and fuperior quality of our yarn, we 
are enabled to employ thoufands of looms in the produ&ioa 
of this elegant and ufeful article of drefs, to keep in this 
country millions of fpecie which was heretofore fent to the 
Eaft to purchafe this commodity, and to clothe ourfelves 
with this fabric at one-thirdof the cxpence formerly required. 

The demand for, and the ufe of this article, are propor- 
tionate to its cheapnefs and elegance, and it is not difficult 
to fee that it will become a llaple manufacture of this 
country. 

Glaigow and Paifley in Scotland, and Bolton in Lan- 
cafhire, are the chief feats of this manufa&ure, which is 
however conilderably extended over many other parts of the 
country. India (till maintains her fuperiority in the finer 
kinds of muflin, fotne of which of moll exquifite beauty and 
finenefs are fold in this country, as high as ten or twelve 
guineas per yard. In productions like thefe, no rivalfhip 
can cxift; in India they are looked on as matter pieces of 
art, and the time employed by an Indian weaver in their 
produ&ion would ruin an European. 

The common kinds, or fuch as are more adapted to 
general ufe, are alfo preferred by our Englifh ladies to thole 
of home manufacture, on the fcore of their enduring greater 
hardfhips and retaining their colour, or rather whitenefs, 
better. This excellence, which cxifts to a certain degree, is 
the refult of no fuperiority in the manufa&uriiig pruceffes, 
but in the raw material, of which that of India is the finelt 
and belt in the world. 

Muflins' were manufa&ured at Zurich and St. Gall in 
Switzerland long before we fucceeded, yet fuch were the 
advantages which the improvements in fpinning afforded us, 
that till within thefe few years (during which the unfettled 
ftate of the continent has interrupted, and in fome coun- 
tries annihilated, all commercial intercourfc) we fupplied all 
Europe with muflins, not only of Indian, but Britilh manu- 
fa&ure. 

Nankeen? and ginghams were manufa&ures, which, 
without the improvements of the fpinner, could not pof- 
fibly have fuccecded. 

Thefe articles, like the two preceding, were formerly 
brought from the Eaft cxclufively. Fuftians, dimities, 
jeans, quiltings, velvets, vclvcrets, velvctteens, and a variety 
of cotton goods, which the limits of our article will not 
allow us to particularize, have been improved to fuch a 
pitch, that Manchefler has fupplied all Europe with thefe 
Fabrics. 

Cotton hofiery forms no inconfiderable part of this im- 
menfe manufa&ure, and it was the demand for cotton 
thread for the flocking weavers, that urged forward the im- 
provements of Mr. Arkwright, and held out fuch ftrong in- 
ducements to thofe whofe aififtance firft enabled him to give 
his invention to the world. 

Exclufive of thefe various manufa&ures, great. quantities 
of twift were exported to the continent, ana a conliderable 
part of the yarn fpun in Manchefler, before the late dif- 
aftrous occurrences in German)-, was employed \h the fo- 
reign loom. It was this demand for twift, which our 
continental rivals were unable to produce of equal quality 
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or price with ours, which raifed this branch of the cotton 
manufa&ure to a ftate of profperity, of which feme idea 
maybe formed, when it is Hated that the various eftablifh- 
ments for fpinning only in this country, when in full a&i- 
yity, give employment to near 180,000 perfons, a number 
little mort of that which is employed in France in all the 
different branches of the cotton inannfa&ure together, and 
which, according to the report of Chaptal, late minifter of 
the Interior, amounts to near 200,000 

The value of thefe improvements in fpinning was fo ob- 
vious and fo important, that it is not furprifing they were 
foon diffufed over the continent, notwithftanding every pre- 
caution ufed to prevent it. By the emigration of mechanics, 
and the clandeftine exportation of machinery conftrufted 
here, our neighbours foon became pofiefled of our improve- 
ments, and had we paufed in our exertions, the fuperiority 
wc had acquired would long ere this have parted away. 
France, as we have jurt obierved, has a great population 
employed in the manufa&ure of cotton. Pruflia and Ger- 
many have many and increaiing eftabliftiments, and in the 
two former countries, and in the hereditary dominions of 
the emperor of Germany, our piece goods have been long 
prohibited. 

Our fpinners however, by their ingenuity, and the im- 
provement and perfeflion of their machines, have Rill kept 
the lead ; and the attention of our manufacturers is now 
direfted to the perfection of thofe operations more imme- 
diately connected with the labours of the loom, in which, 
till within thefe few years, little has been done. Every 
day brings forth new difeoveries, and it is not difficult to 
fee that what has already been atchieved, and what, from 
the general fpirit of improvement which is now abroad, 
mult inevitably follow, will foon place us far beyond the 
reach of competition in the manufacture of cotton goods, 
and giv? us advantages greater than ever wc enjoyed fince 
its firft^eftublilhment in this country. Before we enter into 
fuch a detail of thefe improvements however, as will enable 
our readers fully to comprehend their nature and extent, it 
will be proper to take a ftiort view of the different opera- 
tions and procefles through which the thread partes in its 
progrefs from the hands of the fpinner to the loom* 

The thread is of two kinds, viz. twijl, fo calltd from its 
being harder twilled than the oilier, forming a Router 
thread, and ufed for the web or warp of pieoe goods, and 
weft. which is a loofer, fofter thread, and ufed for the 
woof. The weft is delivered to the weaver in fmall oblong 
rolls called cops ; in the ftate they are ftripped off the 
fpindles of the mule or Jenney. When thefe are ufed, a 
fmall pointed piece of wood or fkewer is carefully palled 
through the axis of the cop into the place formerly occu- 
pied by the fpindle, and one end of it being held between 
the teeth, the thread is wound off the cop upon the weaver’s 
bobbin by a wheel fomewhat fmaller in fize, but the fame 
in principle as the common one thread wheel on which all 
the fpinning was formerly performed. 

This is generally done by children, and the bobbins are 
then ready tor the fhuttle. Twift undergoes feyeral ope- 
rations before it is ready for the loom. It is delivered by 
the fpinner either in hank , or cop* 

Hank twift is that which is fpun on the water frame, 
from the bobbins of which it is retied into hanks of a deter- 
minate length, each mcafuring 840 yards. The value and 
finenefs of the thread are proportionate to the number of 
hanks in a pound, and they are denominated by numbers, as 
Nob. 20, 50, 100, See. which exprefs the hanks which 4 a 
pound of twift contains. In this ftate it b generally/***/, 
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an operation which is intended to give additional ftrength 
and tenacity to the thread, and enable it to fupport the 
different operations in its paffage to the loom. It confifts 
in impregnating the thread fully with thin fixe, chiefly 
formed of wheat flour boiled in water, with the addition of 
a little glue. The twift is carefully worked in this and 
afterwards wrung and dryed. The thread acquires ccyifi- 
derable ftrength by this operation, and the loofe fibres 
are all firmly attacned or glued to its furface. It is then 
delivered to the winder. 

Winding is that operation by which the thread is tranf- 
ferred to the warping bobbin, either from the cop, hank* 
or twift frame bobbin. 

Formerly this was chiefly done by females, and the work 
was carried home and performed by any of the family not 
engaged in domeftic concerns, on a fmall wheel that 
turned two bobbins at a time. 

This mode is Hill in ufe, but the work has been greatly 
abridged and facilitated by the ufe of machines of various 
conftru£tions, for a defeription of which, fee Ma- 
chine. 

Cop twift is that which is fpun on the mule or Jenney. 
It is reeled only occafionally to afeertain its value and fine- 
nefs, and is delivered in cops to the winder. 

The next operation is that of warping, or the formation 
of the web. The machine on which this is performed is 
an o&agonal prifm five or fix feet high, and fomewhat lefs 
in diameter, revolving vertically, and put in motion by a 
band and pulley placed under the u*at of the warper. 
The bobbins which furnifh the thread are fufpended hori- 
zontally in a frame on one fide. Twenty-eight or thirty 
threads, forming together a fyftem called a half beer , are 
wound round the prifm in afpiral form from top to bottom. 
The machine is then turned the contrary way, and the 
thread woujid round the prifm upwards from bottom to top, 
and this is repeated backwards and forwards till a fufficient 
number of half beers have been wound to form a web of, 
the breadth required. 

When finirtied, and the ends properly fecured, the whole 
is wound off and coiled upon the hand into a round hall 
called the warp . For further particulars of this operation, 
and a defeription ofthe machine, fee Mill. 

If the thread has been previoufly fized in the hank, it is 
now ready for the loom, but if the warp is made of cop 
twift, that opeiation is next performed. 

The warps are boiled feveral hours in water till they art 
thoroughly penetrated and foftened ; after draining fomc 
time they are then uncoiled and worked in the fize till fully 
impregnated, after which the fuperfluuus fize is fqueezed 
out, and they are fufpended on poles to dry : the warp is 
then ready for the loom. 

Without this operation of fizing, which, as we have be- 
fore obferved, gives ftrength and tenacity to the thread, ir 
would not fupport the fri&ion of the loom. Two threads 
are paffed between each dent of the reed, and at each ftroke 
of the treadle one afeends whilll the other defeends. 
There is therefore a conftant fridhon of the threads upon 
each other, as well as againft the teeth of the reed. The 
motion of the reed itfelf alfo backwards ana forwards, and 
of the healds up and down, is very fevere upon the warp, 
and unlefs it has been well penetrated by the fize, and its 
fibres well cemented or glued together, this continual 
rubbing is fufficient to deftroy its texture. 

Good fizing prevents this, but it is ftill further aided by 
another operation called drejfmg, which is performed bythe 
weiver himfelf after the warp is got into the loom. This 
confifts firit in applying with a brufli a kind of pafte made 
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of wheat flour well boiled, to which is often added a fmall 
portion of common fait ; fometimes of potafo, and fome- 
times even a little tallow* 

It is in fadt a repetition of the operation of fizing, with 
this difference, that the dreffing is applied chiefly to the 
furface of the thread, which is /lightly fmejircd with the 
pafte, and brufhed uniformly in one dire&ioai from the healds 
to the beam, by which means the loofe fibres are all dif- 
pofed evenly one way, and firmly glued fad to the thread. 

, in fuinmcr the warp is dried limply by fanning it, but in 
winter, and in damp cold weather, a hot iron is lightly 
pa fled over it. It is then die fled again with a brufh dipped 
in tallow or butter, with which it is (lightly greafed. This 
gives fupplencfs and fmoothnefs to the thread, and greatly 
diminifiiCH the friction of the healds and reed. As fuch a 
portion of the warp as is extended between the healds and 
beam can alone be drefled at one time, this is 'woven, and the 
dreffing repeated again upon another portion, and fo on 
alternately dreffing and weaving till the whole of the web is 
finifhed. 

Various improvements on thefe different procefies have 
taken place during the laft fix or eight years, which have 
made greater or lefs progrefs in proportion to their im- 
portance. We (hall enumerate, therefore, not only thofe 
of recent date, but fuch as, though known fome time, have 
not been generally adopted. 

The weaver’s bobbin is Hill wound by hand in the manner 
already deferibed, though the ufe of a fmall machine, by 
which twenty bobbins or upwards are wound at once, is 
daily gaining ground. They are to be feen now in almofl 
every weaver’s cottage where feveral looms are employed. 
This labour is further abridged by a very ingenious con- 
trivance for which a patent has been obtained. The cops, 
■inilead of being wound, are compreffed or fqueezed till they 
are fmall enough to enter the fhuttle. The winding here 
is done away, and the cops thus compreffed are preferred, by 
the weavers to the common bobbin. In thole large efta- 
bli foments where the different procefies, fuch as fpinmng and 
weaving, are carried on together, the cops are fpun fmall 
enough to enter the fhuttle without compreflion. The weft 
is transferred at once from the fpindle of the mule to the 
weaver’s fhuttle, and the time and wafte of winding, and 
even of comprefling, faved entirely. 

On the fame principle alfo, a confiderable reduction has 
been made in the labour of reeling and winding twift. Till 
within a late period, the practice has uniformly been to 
reel it into hanks from the bobbin it was fpun on, to fize it 
in the hank, and then wind it for warping. An obvious 
redu&ion of this labour is to warp it diredtly from the bob- 
bin it is fpun on, and fize it in the warp like cop twift. 
For rea Tons, however, which it will not be neceflary here to 
enter into, this has beeft found impra&icable. It is, how- 
ever, transferred to the warping bobbin without the inter- 
mediate labour and wafte qf reeling, and the fizing is done 
in the warp, 

Confiderable improvements in the mode of fizing have 
jsecn made within thefe few years, cfpecially in the fizing 
of warps. 

Formerly, the practice was to work the warp in the 
warm fize by the hand, the heat of which was of courfe 
limited to that degree which could be readily borne by the 
workman. Experience having proved that the hotter the 
fize, the more evenly and perfectly was the warp penetrated, 
various contrivances were adopted for applying it at a high 
temperature. Amongft others are oblong troughs fumifoed 
with feveral pairs of rollers, through which the warp paffes, 
and is ftrongly compreffed whilft immerfed in the hot fize* , 
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Mr. Marfland’s idea of placing the twift In an exhaufted 
receiver, and admitting the hot fize, promifes confiderable 
advantages in fome cafes, and when the plan has been 
matured, will no doubt be fufceptible of many applica- 
tions. 

But the greateft improvement that has been made in thefe 
different proceffes, and one that muft eventually effect a 
compleat revolution in the whole fyftem, is Meffrs. Rat- 
cliffe and llofs’s mode of dreffing. Hitherto this operation 
has been performed by the weaver in the manner we have 
already deferibed, at the expence of one-third of his time 
and labour. As it is only poflible for him to drefs at once 
as much of the work as is contained between the healds and 
beam, he is fcarcely got fettled to his work, after each 
operation, before he is again called off to drefs another por- 
tion. By this continual interruption of one fpecies of labour 
by another totally different, it muft be obvious to every one, 
that not only much time is loft, but that the labour itfelf 
cannot be equally well performed. 

There is a delicacy and certainty of touch in weaving, 
dependant on long habit and experience, and on which the 
evennefs andgoodnefs of the cloth depends. 

If the force with which the woof or weft is driven up by 
the reed, be not always alike, if it is greater at one time 
and lefs at another, the cloth will be thicker and thinner at 
thofe places, and fuch is the nicety on which this depends, 
that the mo ft experienced weaver, after an interruption of 
fome hours, cannot at once regain it. 

Meffrs. Ratcliffe and Rofs drefs the whole of the warp 
before it is wound upon the beam, the labour of the weaver 
is therefore uninterrupted, and his attention dire&ed folely 
to one object. This alone is a great point gained, but it is 
attended alfo by other, not lefs important, advantages. Great 
part of the intellect ual /kill required in weaving is in the 
dreffing and beaming of the warp ; the mere mechanical 
part ox throwing the fhuttle, &c. is foon acquired, even by a 
boy. A more accurate divifion of labour, by reducing the 
beaming and dreffing to a fyftem by which they are better, 
more economically, and more expeditioufly performed than 
before, has removed the great difficulty in the art of 
weaving, and rendered it in a great meafure the employ- 
ment of children. 

From what we have already faid, it will appear that the 
©bjeft in dreffing and fizing is nearly the fame, and Meffrs. 
Ratcliffe and Rofs, by this improved mode of dreffing, have 
fucceeded in reducing thefe operations to one. They have 
gone ftill further ; they have done away the neceffity of 
warping, by forming the web at once from the bobbin, 
and thus reduced the warping, fizing, dreffing, and beaming, 
to one operation. A thou land bobbins ana upwards fup- 
ply the materials for the warp, which in its progrefs is pro- 
perly difpofed and arranged, fized, drefled, and finally wound 
upon the beam. This improvement, which may juftly be 
regarded as the moft important thst has taken place in 
weaving fince the invention of the fly fhuttle fifty years ago f 
muft in the end effedl a compleat change in the fyftem of 
labour. Great however as its advanatges are, fome time 
muft neceffarily elapfe before it can be accommodated to 
general ufe. In large eftablifhments, where*the different pro- 
ceffes of the manufa&ure are carried on together, fuch as 
fpinning, weaving, and the labour immediately conne&ed 
with them, it has been adopted with the happieft fuccefs, 
but the weaving in this country is chiefly done xn the cottages 
of the poor, and to their ufe the coftly and bulky apparatus 
of Meffrs. Ratcliffe and Rofs is not adapted. 

To derive all the advantages poflible from this improve- 
ment, therefore, it will be neceflary either that the weaving 
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be done in large (hops, to each of which a drefling machine 
may be attached, or that the warps be delivered to the 
country weavers ready drafted and wound upon the beam. 
The former plan is daily gaining ground, and perhaps it is 
lial difficult to forefee, that at no very diibinl period all 
the weaving of the country will ftn»e the fate of the fpin- 
ning, a:id quit the cottage for thofe larger eftabhlhincuts in 
“which it will b: fniceptible of better management, and 
more ae-riuat.' div-f.on of labour. 

The Jail improvement, which we Avail notice in the ma- 
nufacture of cotton, and which, when once eftabliAu-d, will 
compleat what Arkwright has fo happily begun, is that of 
weaving by maclii eery. Various attempts have been made 
of late years to apply the great moving powers, fleam, and 
water, to the common loom. Mr. Dolignon, many years 
ago, conllrucleda loom adapted, as we are told, to the ma- 
nufacture of all kindj (if cloth. It might be wrought by 
the power of wind, water, fleam, or animal llivngtli, and 
poftefled an inftinCtive capacity (if we may be allowed the 
phrafe) of knowing when any thread of the welt or warp wa 3 
broken, in which cafe the loom ceafed its motion, thus 
calling oil the attendant to repair the damage, which being 
done, it immediately went on as before ; fix of thefe looms 
might be attended with eafe by a girl of iixtecn, or an aged 
or infirm perfon of either fex. The inventor did not live to 
reap the fruit of his labour, nor to introduce his machine 
properly to the world* He died foon after its completion, 
when he had brought it to a Hate of perfection fatisfaClory 
to himfelf, and with himpenfhed the refult of his induftry 
and talent. Such is the account which the friends of 
Mr. Dolignon give of this invention : fince that time feveral 
other looms of fi milar conftru&ion have been invented. 

Mr, Auftin of Glafgow has produced one, a model of 
which is depolited at the houfe of the Society of Arts in the 
Adelphi, in favour of which numerous teftimonies were 
tranfmitted to the fecretary. In the year 1708, a loom on 
this conftruClion was fet to work at Mr. Monteith’s fpin- 
ning works near Glafgow, which anfwered the purpofe fo 
well, that a building was erected by Mr. Monteith for con- 
taining thirty looms, and afterwards another to hold about 
20 °. 

The model depofited in the Adelphi is an improvement 
on thofe firll made for Mr. Monteith, whofe name we do 
not however fee amongft the lift of thofe who bear tellimony 
to its value. A loom of this kind, fays the inventor, oc- 
cupies only the fame fpace as a common loom. The ex- 
pence is about onc-ltalf more. The reeling, winding, warp- 
ing, beaming, looming, combing, drafting, fanning, greaf- 
ing, drawing bores, ihifting heddles, rods, and temples, 
which is nearly-one half of the weaver's work, together with 
the general wafte accompanying them ; all which occur in 
the operation of the common loom, do not happen in this, 
which by its tingle motion, without trouble, performs every 
operation after the fp inning, till the making of the cloth is 
accompliftied. One weaver and a boy are iufficient to ma- 
nage five looms of coarfe work, and three or four of fine 
work. Tae conftruClion of this loom is fo complicated, 
that the fociety have not, in their TranfaClions, given the 
public a drawing of it, conceiving that a model only could 
render it intelligible. 

Other looms of a more Ample, and confequently of more 
tifeful conftruClion, have been invented by Meftls. Horrocks 
and Marfland of Stockport near Manchefter, which, com- 
bined with the drefling machine of Mcffrs. Ratcliffe and 
Rofs, promife to be of confiderable utility, and have alrea- 
dy been tried on a fufficiently extenfive fcale by the in- 
ventors* The drefling machine, indeed, has removed the 


great difficulties in machine weaving, and without it nothing 
important or advantageous could have been accompli died* 
It has alfo rendered the machine loom itfelf of lefs import^ 
anev, by Amplifying the art of weaving fo much as to render 
that the employment of boys, which was formerly entrufted 
only to experienced weavers. To the rapid extenlion of thi9 
improvement, however, there are objections at th <% prefent 
moment arifing from moral as well as political coniideration* 
which mull greatly retard its progrefs, and we mftll look to 
happier times fot the proof of its general utility, and its 
final adoption er rejection. 

1 lie preceding Acetch, Aiort and imperfeCl as it is, will 
ferw to convoy lome idea of this immenfe and important 
manufacture. Of the population at prefent engaged in it, and 
of its annual value, we have only fueh conjeClures to offer as 
are founded on thofe materials which are within the reach 
of individuals, and unleis government order fucli an enquiry, 
it can only be eftimated by the importation of cotton, which 
is for the moll part manufactured at home. 

Perhaps the manufacture of Scotland, as being in a narrow 
field, is more within the reach of oblervation than that of 
England ; we therefore venture to lay before our readers,, 
as being apparently an approximation to the truth, the fol- 
lowing, 

EJlimalc of the J late of the cotton manufacture in Scotland 
made up in the year 1796 at Glafgow y the centre of the prin- 
cipal commerce and manufatlures of that kingdom. 

39 water mills, which coft for machinery 
and buildings 1 0,000 A each - • 390,000 

and work 124,800 fpindles 

1200 Jennies 84 fp. each 100,800 at 6Aeach 7,200- 

600 mules 144 Ip. each 86,400 at 30A each 18,000. 


Total, working by *) r . 

day and night / 3 l« W fpmdles. 

Building for the Jennies coft 


15*000 


Capital veiled in machinery and buildings £ 490,200 

The yarn annually fpun is valued at 1,256,41* 

The cotton 4,629,043 lbs, average value 2/. 462,904 


The people employed are eftimated at 
25,000 of both fexes, young and old, but the 
greater part under 15 years of age, whofe 
labour, aided by machinery, thus improves the 
value of the raw material in the firft ftage of 
manufacture. - - 793>Jol 

From which dedu& wages eftimated at 500,000 

Remains for coft, and wear and tear of ma-‘'| 

chinery, and proprietors profits, the > 293,508 

fum of - - - J 

The annual value of calicoes and mufiins, 
now defervedly efteemed the itaple of Scotland, 
when fini/hed, including the excife duty on a 
part of them which are printed, and the coft of 
tambouring and needle work on about a third 
part of them, was then eftimated at £ 3,108,544 

Value of the cotton yarn wl 
above - 

Y^rn got from England, 520,00a 

£1,776*1* 
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The wages of weavers, tambourers, needle- 
workers, the charges, -the profits of the manu- 
facturers, and the revenue paid to government, 
thus amounted to 

Which great fum is produced by capital, ingenuity, 
management, and labour in the fub&queut ftages of the 
bufinefs. 


The cotton manufacture in Scotland 
’ employs 


38,815 weavers. 


For winding warp and weft 
Andfuppofing 4 of the muflin adorn- 
ed with needle work 


12,938 women, 
J 105,000 women. 


•and girls moft children. 

Befides thofe employed in the fpin- * 

ning branch * J 25,000 


Hence it appears that - - 181,753 persons 
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derive their immediate fubfiftence from the cotton manufac- 
ture in Scotland, and alfo a proportional number in Eng- 
land, employed in producing yarn to the value of 520,000 A ; 
befides the innumerable people of all claffea concerned in 
providing ueceffaries and accommodations of every kind for 
that great multitude, and in conftru&ing and repairing the 
machinery and buildings ; and the cultivators of the cotton 
in the Eaft and Weft Indies, feamcn, merchants, &c. who 
are all wholly or partly fupported by this moft beneficial 
manufacture, by which the cotton is raifed, taking the 
whole manufacture together, to about feven times the 
value it was of when imported. 

The cotton manufacture has increafed very much in 
Scotland fmee the year 1796. The imports of cotton into 
the kingdom in the year 1800, were nearly treble thofe of 
the year 1 796. The printing bufinefs however appears to 
have declined a little, as may be inferred from the fol- 
lowing 


Account of the Calicoes, Mullins, Linens, and Stuffs, printed in Scotland in the years 1796 and 1800. 


Foreign Calicoes and Muflins 
Brililh Calicoes and Mullins 
Linensand Stuffs 


' 

1796 

1800. 


Kate 

ot 

Duty 

Yards. 

Amount of Duty. 

Yards. 

Amount of Duty. 

• m 

d. 

7 

3 i 

3 * 

141,4.03 

4.2*8,567 

1,185,500 

£ '• * 
4,124 5 1 

62,103 j 9 i \ 
17,288 10 10 

78,868 

4.176,939 

1,220,714 

£• s ' a . 

2,300 6 4 
60,913 13 JOj 
17,802 1 7 


In England and Wales, on the contrary, the printing bufinefs has increafed during the above period, as will 
appear from the following 


Account of the Calicoes, Mullins, Linens, and Stuffs, printed in England and Wales in the years 1796 and 1800. 



1796. 

j I 800. 

Foreign Calicoes and Muflins • 

Britim Calicoes and Muflins 

Linens and Stuffs - 

R.ite 

of 

Duly. 

Yards. 

Amount of Duty. 

Yards. 

Amount of Duty. 

d. 

7 

si 

1,750,270 

24,363,240 

3,464,^62 

£ d > 
51,049 10 10 

355,297 5 © 

50,529 4 11 

1,577,536 

28,692,790 

3 >* 3*>°73 

£. /. d. 

46,011 9 4 
418,436 10 5 
47,134 7 u 


If we follow the calculation affumed in an eftimSte laid 
before a committee of the houfe of commons, that the duty 
is one tenth of the value, we may eftimate the value of the 
Britiih calicoes and muflins printed in England and Wales 
in 1796, at o 

And thofe in 1800 at 4,184,365 o 

From thefe ftatements, which are official, it appears that 
in 1800 there were printed about a million ana a half of 
calicoes and muflins in Great Britain, exclufive of linens, 
Huffs, and foreign calicoes. From that time, to the year 
1 806, the bufinefs has continued progreifively to increafe, 
the amount of duties on printed goods for that year being 


upwards of 600,000/;, which will bring the number of pieces 
printed nearly to two millions. 

The quantity of white calicoes and muflins made in 
England and Wales, is certainly much greater than that of 
the printed { probably not lefs than three million pieces 
annually. 

From the fignatures to the petition of the journeymen 
calico-printers to the houfe of commons in the year 1806, 
it would appear that, in Great Britain and Ireland, the 
number is 7000 5 we fufpeCt however that this number in- 
cludes apprentices, and that the lift alfo has been fwclled, 
as is ufuai in fuch cafes, by unfair means. 










COTTON 

During the progreft of the work we (hall have frequent 
opportunities of reverting again to thefubjeft of the cotton 
manufa&urc, and of fupplyjng thofe ©millions which, in a 
bufmefs of fuch magnitude and extent, when fubmicted to 
individual inveftigation, mull unavoidably occur. Wc lhall 
conclude therefore with obfcrving that, from the bed in. 
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formation we have been able to collett, and from calcula. 
tions founded on the quantity of the raw material imported 
into the country and of goods exported, it appears that the 
cotton manufaaure of tnefe realms gives employment to 
800, ooo perfons, and that its annual value is upwards of 30 
millions. 
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Crane 


Crane, in Hydraulics, a popular name for a Siphon ; 
which fee. 

Crams, in Mechanics, a machine ufcd in Building and in 
Commerce, for railing large ftonea, and other weights, to 
certain heights, or lowering them to certain depths. 

M. Permit, in his notes on Vitruvius, makes the crane 
the fame with the torvus, or raven, of the ancients. 

The modern crane confilU of feveral members, or pieces, 
the principal being a (trong perpendicular beam, or 
arbor, firmly fixed in the ground, and fuftained by eight 
arms, coming from the extremities of four pieces of wood 
laid acrofs, through the middle of which the foot of the beam 
pafles. About the middle of the arbor the arms meet, and 
are mortifed into it : its top ends in an iron pivot, on which 
is borne a tranfverfe piece, advancing out to a good dillance 
in manner of a crane's neck ; whence its name. The middle 
and extremity of this are again fuftained by arms from the 
middle of the arbor: and over it comes a ropes « cable, to 
one end of which the weight is fixed ; the other is wound 
round the fpindle of a wheel, which turned, draws the rope, 
and that heaves up the weight ; to be afterwards applied to. 
«ny fide or quarter, by the mobility of the trofifr ctfe piece od 
the pivot. 

There are Feveral improvements of this ufeful machine 
mentioned in Defaguliers’s Experim. Philof. p. 178, foj, 
particularly how to prevent the inconveniences arifing (tom 
fudden jerks, as well as to increafe its force by ufing a double 
axis in peritrochio, and two haudles. 

The crane is of two kinds ; in the firft kind, called the 
rat-tailed crane, the whole machine, with the lend, turns 
upon a ftrong axis : in the fecond kind, the gibbet alone 
moves on its axis. We (hall refer to Defaguliers, uhi fvpra, 
for a particular account of different cranes, and recite im- 
provements in the conftrudion of them : beginning with a 
defeription of one, in which moft of them are combined, in- 
vented by the late Mr. Padmore of Briftol. This confilU of 
wheelc, axles, pulleys, ropes, and a gib or gibbet. Plate 
XVIJI. Mechanics, jig. 2. When the rope, H, is hooked 
to the weight K, a man turns the winch A, on the axis of 
which is the trundle B, which turns the wheel C, on whole 
axis, D, i* the trundle E, which turns the wheel F, with 
ita upright axis G, on which the great rope, H H, winds 
as the wheel turns j and going over a pulley, I, at the end 
of the arm, d, of the gib cede, it draws up the heavy bur- 


den K ; which, being railed to a proper height, as from a 
(hip to the quay, is then brought over the quay by pulling 
the wheel, Z, round by the handles z, z, which turns the 
gib by means of the half whee', b, fixed on the gib-poft ec, 
and the ftrong pinion, a, fixed on the axi< of the wneel Z . 
Tiiis wheel gives the man that turns it an abfolute command 
over the gib, fo as to prevent it from taking any unlucky 
fwing, fuch as often happens when it is only guided by a 
rope tied to its arm d ; and people are frequently hurt, fome- 
times killed, by fuch accidents. 

The great rope goes between two upright rollers » and k, 
which turn upon gudgeons in the fixed beams /and;; and 
as the gib is turned towards either fide, the rope bends upon 
the roller next that fide. Were it not for thefe rollers, the 
gib would be quite unmanageable; for the moment it were 
turned ever fo little towards any fide, the weight, K, would 
begin to defeend, becaufe the rope would be fhoruned be- 
tween the pulley I, and axis G ; and fo the gib would be 
pulled violently to that fide, and cither be broke to pieces, 
or break every thing that came in its way. Thefe rollers 
mult be placed fo, that the fides of them, round which the 
rope bends, may keep the middle of the beuded part direfilly 
even with the centre of the hole in which the upper gudgeon 
of the gib turns in the beam /. The truer thefe rollers are 
placed, the eafier the gib is managed, and the lele apt to 
fwing either way by the force of the weight K. 

A ratchet-wheel, Q, is fixed upon the axis D, near the 
trundle E ; and into this wheel falls the catch or click R. 
This hinders the machine from running back by the weight 
of the burden K, if the man who raifes it fhoald happen to 
be carelefs, and fo leave off working at the winch, A, fooner 
than he ought to do. 

When the burden, K, is raifed to its proper height from 
the (hip, and brought over the quay by turning the gib 
about, it is let down gently upon the quay, or into a cart 
(Undine thereon, in the following manntr.' A man takes 
hold of the rope tt, (which goes over the pulley v, and is 
tied to a hook at S, in the catch R,) and io difengages the 
catch from the ratchet-wheel Qj and then, the man at the 
winch, A, turns it backward, and lets down the weight K. 
But if the weight pulls too hard againft this man, another 
lays hold of the handle V, and by pulling it downward, 
draws the gripe, U, clofe to the wheel Y, which, by rob- 
bing bard againft the gripe, hinders the too quick defeent of 
the weight ; and not only fo, but even flops it at any time, 
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if required. By this mean*, heavy good* may be either 
ra-fed or let down at plearure, without any danger of hurt- 
ing the men who work the engine. 

When part of the goods is craned up, and the rope is to 
be let down for more, the catch, R, is firft difengaged from 
the r3tchet-whecl Q, by pulling the cord / ; then the handle, 
e, is turned half round backward, which, by the crank, n n, 
in the piece o % pulls down the frame, h, between the guides 
fft and m, (in which it Aides in a groove,) and fo difengages 
the trundle, B, from the wheel C : and then, the heavy 
hook, 0 , at the end of the rope, H, defeends by its own 
weight, and turns hack the grqat wheel, F, with its trundle, 
E, and the wheel C ; and this lad wheel a£U like a fly again ft 
the wheel, F, and hook 0 ; and fo hinders it from going 
down too quick ; whilft the weight, X, keeps up the gripe, 
U, from rubbing againft the wheel Y, by means of a cord 
going from the weight, over the pulley, w , to the hook, W, 
in the gripe ; fo that the gripe never touches the wheel, un- 
id's it be pulled down by the handle V. 

When the crane is to be fet at work again, for drawing 
up another burden, the handle, q t is turned half round for- 
wards ; which, by the crank nn % raifes up the frame A, and 
caufes the trundle, B, to lay hold of the wheel C ; and 
then, by turning the winch A, the burden of goods, K, is 
drawn up as before. 

The crank, n », turns pretty ftiff in the mortife near o t 
and (tops againft the farther end of it when it has got juft 
a little beyond the perpendicular ; fo that it can never come 
back of itfclf : and therefore, the trundle, B, can never 
come away from the wheel C f until the handle, q, be turned 
half round backward. 

The great rope runs upon rollers in the lever L M, which 
keep it from bending between the axle at G and the pulley 
I. This lever turns upon the axis, N, by means of the 
weight O, which is juft fufficieot to keep its end, L, up to 
the rope ; fo that, a# the great axle turns, and the rope coils 
round it, the lever rifes with the rope, and prevents the cod- 
ings from going over one another. 

The power of this crane may be eftimated thus a . fuppofe 
the trundle, B, to have 13 ftaves or rounds, and the wheel, 
C, to have 78 fpur cogs ; the trundle, E, to have 14 ftaves, 
and the wheel, F, j 6 cogs. Then, by multiplying the 
ftaves of the trundles, 13 and 14, into one another, their 
produ& will be 182 ; and by multiplying the cogs of the 
wheels, 78 and 56, into one another, their product will be 
4368, and dividing 4368 by 182, the quotient will be 24 * 
which (hews that the winch, A, makes 24 turns for one 
turn of the wheel, F, and its axle, G, on which the great 
rope or chain, HI H, winds. So that, if the length or ra- 
dius of the winch, A, were only equal to half the diameter 
of the great axle G, added to half the thicknefs of the rope 
H, the power of the crane would be as 24 to 1 : but the 
radius of the winch being double the above length, it doubles 
the faid power, and fo makes it as 48 to 1 : in which cafe, 
a man may raife 48 times as much weight by this engine as 
he could do by his natural ftrength without it, making pro- 
per allowance for the fridion of the working parts. Two 
men may work at once, by having another winch on the op- 
pofite end of the axis of the trundle under B ; and this would 
make the power double. 

If this power be thought greater than what may be ge- 
nerally want'd, the wheels may be made with fewer cogs in 
proportion to the ftaves in the trundles; and fo the power 
may be of any degree that is judged to be requifite. But if 
the weight be fo great as will require yet more power to raife 
it (fuppofe a double quantity), then the rope, H, may be 
put under a moveable pulley, as J, and the end *f it tied to 
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a hook in the gib at 1 5 which will give a double power to 
the machine, and fo raife a double weight hooked to the 
block of the moveable pulley. 

When only fmali burdens are to be raifed, this may be 
quickly done by men puftung the axle, G, round by the 
handfpikes y> y% y, y ; having nrft difengaged the trundle, 
B, from the wheel C . and then, this wheel will only a A as 
a fly upon the wheel F ; and the catch, R, will prevent its 
running back, if the men fhould inadvertently leave off pufli- 
ing before the burden be unhooked from / 9 . 

Laftly, when very heavy burdens are to be raifed, which 
might endanger the breaking of the cogs in the wheel F ; 
their force againft thefe cogs may be much abated by men 
puftiing round the handfpokes^, y%y>y% whilft the man at A 
turns the winch. Fergufon’s Lectures on Select Subjilt*, 
4*o. p. 52, &c. 

If the axis, G G, be placed horizontally, and inftead of 
the w heel, F, a larger wheel be fixed to it, which may be 
turned by men walking in it, we Aiall have another kind of 
crane ; the rope will coil round the axle as the wheel turns, 
and the gib-work is the fame as in the other fort of crane. 
Mr. Padmore contrived to prevent the danger attending the 
ufe of this con (trillion, by putting cogs all round the out- 
fide of the wheel, and applying a trundle to turn it; by 
which addition the power is incrcafed in the proportion of 
the number of cogs to the number of ftaves in the trundle : 
and in order to hinder its running back by the force of the 
weight, fhould the men within it flip, or leave off walking, 
he added a ratchet-wheel to the axis of the trundle, like that 
already defcribtd. Two winches may alfo be fixed to the 
ends of the axle, by working which the men in the wheel 
would be much aflifted. On the axle of the trundle he like- 
wife fixed a gripe-wheel, fuch as has been already deferibed, 
by means of which heavy burdens may be let down without 
the leaft danger. 

Mr. Felgafon has contrived and deferibed a new and fafe 
crane, with four different powers adapted, to different weights ; 
for which he received a reward of 50/. from the Society for 
the encouragement of arts, &c. In this crane (fee Plate 
XVII l . Mechanics , Jig. 3.) A reprefents the great wheel, 
and B its axle, on which the rope, C, winds. This rope 
goes over a pulley, D, in the cna of the arm of the gib E, 
and draws up the weight F, as the winch, G, is turned 
round. H is the largeft trundle, I the next, and K is the 
axis of the (mailed trundle, which is fuppofed to be hid from 
view by the upright fupporter L. A trundle, M, is turned 
by the great wheel, and on the axis of this trundle is fixed 
the ratchet-wheel N, into the teeth of which the catch, O, 
falls. P is the lever, from which goes a rope, over 

a pulley, R, to the catch ; one end of the rope being fixed 
to the lever, and the other end to the catch. S is an elaftic 
bar of wood, one end of which is ferewed to the floor : and, 
from the other end goes a rope (out of fight in the figure) 
to the farther end of the lever, beyond the pin or axis on 
which it turns in the upright fupporter T. The ufe of this 
bar is to keep up the lever from rubbing againft the edge of 
the wheel U, and to let the catch keep in the teeth of the 
ratchet-wheel : but a weight hung to the farther end of the 
lever, would do full as well as the elaftic bar and rope. 

When the lever is pulled down, it lifts the eaten out of 
the ratchet-wheel, by means of the rope Q(^, and gives the 
weight, F, liberty to defeend : but if the liver, P, be pulled 
a little farther down than what is fufficient to lift the catch, 
O, out of the ratchet-wheel N, it will rub againft the edge 
of the wheel, U, and thereby hinder the too quick defeent 
of the weight ; and will quite ftop the weight, if pulled hard. 
And if the man who pulls the lever fhould happen intd- 
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fertently to let it go ; the elaftic btr will fuddenly pull it up, 
and the catch will fall down and ftop the machine* 

W, W, are two uptight rollers, above the axis or upper 
gudgeon of the nib E : their ufe is to let the rope, C, bend 
upon them, as the gib is turned to either Ode, in order to 
bring the weight over the place where it is intended to be 
let down : which rollers ought to be fo placed, that if the 
rope, C, be ft retched clofe by their outmoft Odes, the half 
thicknefs of the rope may be perpendicularly over the centre 
of the upper gudgeon of the gib ; for them the length of the 
rope between the pulley in the gib and the axle of the great 
wheel, will be always the fame, in all pofitions of the gib, 
and the gib will remain in any pofitton to which it is 
turned. 

The powers of this machine may be eafily calculated : the 
horizontal-wheel has ninety' Ox cogs, the largtft trundle 
twenty-four ftaves, the next largeft has twelve, and the 
fmalleft has Ox. So that the largeft trundle makes four re- 
volutions for one revolution of the wheel ; the next makes 
eight $ and the fmalleft makes Oxteen. When a winch is 
occafionally put upon the axis of either of thefe trundles for 
turning it, the handle of the winch deferibes a circle in every 
revolution equal to twice the circumference of the axle of the 
wheel ; and therefore the length of the winch doubles the 
power gained by each trundle. So that if the winch be ap- 
plied to the axle of the largeft trundle and turned four times 
round, the wheel and axle will be turned once round, and 
the power will move through eight times as much fpace as 
the weight rifes through : in which cafe the power will be to 
the weight as eight to one ; i. e. a man may raife (allowing 
for fridion) eight times as much weight by the crane, as 
be might by his natural ftrength without it. If the fecond 
trundle be ufed, the proportion of the power to the weight 
will be as fixteen to one 5 and with the fmalleft trundle, as 
thirty-two to one. The power may again be doubled by 
drawing up the weight by one of the paits of a double rope, 
going under a pulley in the moveable block, which is hooked 
to the weight below the arm of the gib ; for then the power 
will be as fixty-four to one : and by increafittg the number 
of puUie(, the power will be proportionably increafed. Sec 
Supplement to Fergufon’s Lidures, p. 3, Itt* or Phil. 
Tran f. vol. liv. art. 3. p. 24. 

An improved crane for wharfs has lately been invented by 
Mr. Robert Hall of Basford, near Nottingham, who was 
rewarded with 40 guineas by the Society of Arts. The in- 
vention chiefly confifts in expanding a fet of bar! parallel to 
the axis of a crane, by means of which the Velocity of the 
ropes in railing weights may be diminifhtd or increafed, in 
proportion to the load which is to be raifed. An engraving 
and description of this crane may be feen in the 12th volume 
of the Tranfadions of the Society, p. 283, 8tc. Wc have 
already obferved under the article Capstan, that the cap 
llan with a compound barrel, conlilting of two cylinders of 
different radii, may be converted into a crane or windlas for 
railing weights. Such a crane is evidently fuperior to thofe 
in common ufe, with the additional advantage of allowing 
the weight to ftop in any part of its progrefft, without the 
aid of a ratchet-wheel and catch, as the two parts of the 
rope pull on contrary fidea of the barrel. The rope, indeed, 
which coils round the larger part of the barrel, ads with a 
longer lever, and consequently with greater force than the 
other $ but as this excefs of force is not Sufficient to over- 
come the fridion of the gudgeons, the weight remains fta- 
tionary in any part cf its path. A crane of this kind was 
creded, in 1797, at Borderiton in New Jerfey, by Mr. 
M'Keao, for the purpofe.of raifing logs of wood to the 
frame of a faw-mill, xo feet diftant from the ground* 
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We are happy here to lay before the public a defign for a 
crane, by the late Mr. John Smeaton, through the liberality 
of fir Jolcph Banks, who kindly permitted our draughtfman to 
make a reduced copy of the original drawing, which be pur- 
chafed, with many others, Lnce the demife of Mr. Smeaton. 
The machine was creded at the wool quay cuftom-houfc, 
London, in 1789. Fig. 2, (Plate XIX. Mechanics) is a 
plan of it j jig. 3, an elevation 3 and jig. i, a fedion of the 
barrel : the lame letters of reference are ufed in each figure. 
A is the barrel upon which the chain is wound ; it has feven 
turns of a fpiral groove cut upon it, to receivt the lower half 
of the links of the chain, as will be dearly underftood from 
fig- 3 f *><**fig- if are two of four handles (the others not 
bring (hewn) lerewed to the end of the barrel by long bolts 
going through its whole length, as Shewn in jig . 1 5 the 
other ends of the fame bolts attach to the barrel, a wheel, 
B, w.th hooked teeth. The barrel, with its wheel, B, and 
handles, has a metal hulh driven into its centre, and well 
fitted to a nicely turned arbor, £, in the fedion,/^. i, fo 
as to turn upon it freely without ihake. This arbor has a 
(boulder, C, upon it truly turned, againft which the great 
wheel, 1), fits, and is held fall to it by four ferews (jg. 2.) 3 
the great wheel, D, and barrel are conneded together by 
means of two dicks, d> d } (fig. 3.) turning on pins made 
faft to the wheel, and prtfftd by fprings into the teeth of the 
ratchet-wheel B. The great wheel, 1 ) t has 96 teeth, and 
is turned by a lantern, E, of 11 ftaves, on the arbor/. 

F is a fly-wheel fitted on the fame arbor by a ftioulder, in 
the lame manner as the great wheel. G is a bfoad wooden 
wheel on the arbor,/, encompaffcd half round by a brake, r, 
formed of four pieces; it is brought to touch the wheel by 
a foot lever, tt,fig. 3. and a weight at the oppofite end of 
the lever lifts it oft the wheel when not in ufe. I is a ratchet- 
wheel, and / the click to prevent the crane running back | 
K, K, arc the winches by which it is turned. The ratchet 
and click on the barrel are ufed when the crane is lowering 
goods, and the chain is to be drawn up with any work 5 the 
workmen then turn the barrel by the four handfpikes, a, a , 
the Hoping fidea of the ratchet-wheel lifting up the clicks, 
d, d , and palling by, without the labour and lofe of time of 
turning the wheels } and likewife, when the crane is ufed for 
raifing poods, and the chain is to be let down without any 
load, the barrel mull be turned back a fmall fpace, and the 
clicks difeugaged, by puflting one of their tails, n or n , for 
which purpofc they are conneded to move together by a 
fmall rod o\ the barrel then* runs down by the weight of the 
chain, and if that is not fufficient, the workman allifts it by 
the handfpikes, a , a . The contrivance of the grooved barrel 
is of very great ufe, as without it the chain lies in fuch a 
manner that the adion of the load tends to twift open the 
links laterally. Mr. Gilbert Gilpin of Shifnal was rewarded 
by the Society of Arts, in 1803, for the fame invention, 
without perhaps knowing Mr. Smeaton had applied it be- 
fore him. A3 he has very well explained the advantages of 
this conftrudion, wc (hall make ufe of his own words from 
the Tranfadions of the Society, vol. ii. p, 3. 

Every chain formed of oval links has a twift in itfclf, arifing 
from a deprtfiion given by the hammer to each link in the 
welding : the twift may be feen by holding the piece of the 
chain by one end, and viewing the links edgeways as it bang* 
down; and this circumftance, fo trifling in appearance, ta 
not fo in its effcds ; and it has in confequence a perpetual 
tendency (even when reefed pcrfedly ftraight in pullics, and 
on the barrels of cranes) to aflume a fpiral form, which a 
plain cylindrical barrel, and the common pullies with femi- 
circiflar grooves, are not in the lcaft calculated to prevent. 
Hence the alternate lick* of the chain, in coiling round a 
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barrtT| or working over pullies, form obtufe angles m af- 
fuming the fpiral form, bearing upon the lower parts of 
their circumferences, and forming as it were two levers, 
which wrench open and crufh each other in proportion to 
the weight fufpended, as well as prevent the freedom of mo- 
tion in the links thcmfelves, and thereby load the chain with 
additional fri&ion. 

A ftill greater obftruftion to the uniformity of its motion, 
is the tendency which the chain has to make a double coil, 
as it approaches the middle of the barrel, and erodes its 
centre, and that of the puilies at right angles, by means of 
which the chain is frequently broken by the fudderi jerk, 
caufed by the upper coil flipping off the undermoft. 

It is to thefe caufes that all the accidents that occur to 
workmen and machinery, from the failure of chains, may be 
attributed, (bad iron excepted,) and which form the foie 
obje&ion to their becoming a general fubftitute for ropes. 

As a preventive to clufe evils, fays thi* writer, I have 
grooves caft in iron pullies, of fufficicnt dimenfions to receive 
the lower circumferences of the links of the chain, which 
work vertically : thofe which work horizontally ard form the 
gudgeon part of the chain (if we may be allowed the 
expreffion,) bearing up on eacn fide of the grooves. 

The barrels are alio of call iron, with fpiral grooves of 
the fame dimenfions, at fuch diftance from tach othtr 
as to admit the chain to bed without the danger of a 
double coil ; by thefe means the links are retained at right 
angles with each other, the only pofition for free and uni- 
form motion. 

The links of the chains are made as fhort as poflible, for 
the purpofe of increafing their flexibility, and they are reef- 
ed perfc&Jy free from twill in the pullies and on the bar- 
rels, for the fame reafm. 

When applied in block, the grooves in the pullies pre- 
vent the different falls of the chain from coming in contadl, 
and render plates betwem them (as in the common way) 
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totally unnecefiarv \ the pullies are in confequence brought 
clofer together, the angle of the fall from block to block 
confidtrably diminifhed, and the fridion againft the plates en- 
tirely avoided, Brafs guards, with grooves oppofite to 
thofe in the pullies, are rivetted to the blocks, to prevent the 
chain getting out of its birth from any accidental circum- 
fiance. This method of working chains I firft put in prac- 
tice for Meffts, T. W. and B. Botfield, at their works, in 
July 1803 ; and it is applied in the working of cranes capable 
of purchaiiug from ten to fifteen tons; in the working of 
the governor baba of fleam engines conftruded by Meffrs. 
Boulton and Watt, and in the railing of coal and ore from 
the mines, for which purpofes ropes had before been fcdely 
ufed at this manufad iry. In all cafes it has performed 
with the utmofl fafety, uniformity, and flexibility ; fo much 
fo, that the prejudices of our workmen againft chains are 
entirely done away, and they hoift the heaviefl articles with 
rm>re cafe, and as great confidence of fafety, as they would 
with the btil ropes. 

The fame method is applicable, at a trifling expence, to 
all machines at prefent worked by ropes, or by chains, in 
the ufual way : and all the common chains now in ufe, may 
be applied to it with equal facility. 

With a view of afeertaining the relative flexibility of 
ropes and chains, I wedged an iron pulley, thirty-one and a 
half inches in diameter, on the fpindlc of the pinion of a 
crane of rhe following defeription, viz. 

Barrel, 30 inches diameter. 

Wheel, 64 reeth. 

Pinion,' 8 ditto. 

Top block, with three pullies of 12 inches diameter* 

Bottom block, with 2 ditto, ditto. 

To the large pulley I attached a fmall rope, for the pur- 
pofe of fufpending the weights in the hoifting of the dif- 
ferent loads, and the refults were as follow : 


I The crane wa3 loaded with, 

Took to h^ill the loads wher 
reefed with the chain in 
grooved pul ies. All the 
experiments were tried 
with the fame grooved 
pullies. 

Ditto, when reefed with a 
half-worn tarred ftrand- 
laul rope 3 £ inches in cir- 
cumference. 

1 

Ditto, when reefed with the 
chain promifeuoufly, as in 
the common way. 

lbs. 

lbs. 

lbs. 

lbs. 

Firft, - - 2000 

6 3 

74 

80 

Second, - - icoo 

3* 

39 

4* 

Third, - - 500 

l l 

2 1 

22 

Total 3500 

112 

1 

143 


The flexibility is inverfely as thefe momenta, and proves 
the fuperiority of chains $ tor (on the average of the trials 
with the chain in the grooves ; 

One pound raifed - 31.25 lbs. 

With a half- worn ft rand -laid tarred ropc> 
three inches and a half in circumfe- 
rence - - 26.11 ditto. 

And with the chain in the ufual way, 
only - - 34.47 ditto. 

It alfo appears (contrary to the general opinion,) that 
chains are lafer than ropes ; for it is an eftablifhe d axiom, 
that thofe bodies whofe fibres are rood in the dire&ion of 
the ftrain, are the lead liable to be pulled afunder ; and in 
our examination of the properties of a rope, we find that 
the ftrandscrofsthc dire&ion of the ftrain in undulated lines. 


and confequently prevent its uniform a&ion thereon. A rope 
is fubjedl to this inconvenience even when ftretched in a di- 
reft line, but more particularly fo when bent over a pul- 
ley, as in thAt pofition the upper fe&ion moving through a 
greater fpace than the under one, is afled upon by the 
whole ftrain ; and hence the frequent breaking of ropea in 
bending over pullies, from the double ftrain overloading 
the ftrands of which the upper feftion is formed. 

The links of a chain are fubjeft to the traafverfe ftrain, 
where they move in contafl ; but as fuch ftrain is in pro* 

S ortion to the length of the bearings, it muft be very tri- 
ing. All the links having axles of their own, the chain 
moves funultaneoufly with the ftrain, and both are in con* 
fequence retained in continual equilibrio. A chain in 
grooves will therefore fuflain as great a weight when bent 










CRANE 

*>ver a pulley, ai it will in a direft line, and confequently it 

fafer than a rope. 

The Society for the encouragement of arts, manufa&urea, 
and commerce* having for many years paft offered premiums 
for improvements in cranes, have therefore a large collection of 
models of different forts. We have fele&ed 3 of thefe, and 
have appropriated Plate XX. Mechanics , to the explanation of 
them. Figs. 1 and 2, are two elevations of a walking wheel 
crane laid before them by Mr. James White of Chevening, 
Kent, and for which he received a premium of 40 guineas 
in the year 1796. We have found it neceffary to have 
new drawings made of this machine, as thofe publifhed by 
the learned focicty are taken from the model left with 
them, and do not explain the manner in which the machine 
fhould be conftru&cd. 

Figs. 1 and 2, are two (lcvations of it at right angles to 
each other. A A is a large wh^cl, about 16 feet diameter, 
■ilrongly framed and fecured to its axis E, which is mount- 
ed upon pivytf at its ends and inclined to the horizon in 
an angle of about 70 degrees, and confequently the plane 
of the wheel inclines 20 degrees. The rope of the crane 
is coiled round the axle and palfes over a pulley a , (fig. 1 .) to 
the gib of the crane, which is con(lru£ted in the uiual me- 
thod ; 1 ? is a lever extending acrofs the wheel and fixed at 
one end into an upright axis ; G H is a fhort lever con. 
-nested with an iron tod e, with a gripe g, which embraces 
part of the circumference of the wheel and prevents its 
turning, unlefs lemoved by puftiing the lever F ; h (Jig . 1.) 
is a cord fattened to the gripe lever, and going over a pulley 
in the floor, having a weight fufpended from it j this always 
gives the gripe a tendency to ttop the wheel, and by the 
weight coming up to the pulley tlops the gripe lever from 
going too far, when preffed by a man walking on the 
wheel. The* wheel is turned by a man walking on the 
wheel and pufhing the gripe lever F, (o as to releafe the 
wheel which then turns (if the load be not too great) both 
by his weight and mufcular exertion applied againll the 
-gripe lever. 

The wheel is fuppofed to be erc&ed in a warehoufe, and an 
opening is made in the floor to allow the wheel to pa(s 
through. The man walks from the floor at k , up the wheel, 
which will always be at re it* unlefs ht relieves it by pufh- 
ing the lever F. The end, /, of the gripe is jointed to a flout 
upright beam going from the floor to the ceiling of the room 
where the crane is trefted, and the reft of the gripe fhould 
be hung by fmall cords from the ceiling to prevent its falling 
down and getting from its work. 

The properties of this crane are as follow ? its fimplicity 
confiding of a mere wheel and axle. Secondly, its only 
friftion, exclufive of the pullies, is that on the two gud- 
geons of the {haft ; and one of thefe fupports the weight 
of the wheel, and of the man that works it, nearly in the 
dire&ion of its point. Thirdly, it is durable, as is evident 
from the two properties above-mentioned. Fourthly, it is 
fafe, for it cannot move but during the pleafure of the man, 
and while he u actually prefling on the gripe-lever. Fifthly, 
this crane admits of an almoft infinite variety of different 
powers; and this variation is obtained without the lead 
alteration of any part of the machine. If, in unloading a 
vcflU, there (houla be found goods of every weight, from 
a few hundreds to a ton and upwards, the man that does 
the work will be able fo to adapt his ftrength to each as to 
raife it in a fpacc of time proportionate to its weight, he walk- 
ing always with the fame velocity as nature and his greateft 
cafe may teach him. It is a great difad vantage in fome 
cranes, that the fmalleft weight mult be as long in riling 
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as the larged, unlefs the man tern nr walk with a greate 
velocity, which tires him in ilill greater proportion.. 

In other erswes, perhaps, two or three different powers 
may be procured 5 to obtain which, fome pinion mult be 
Ihifted, or frefh handle, applied or reforted ' to. In this 
crane, on the contrary, if the labourer find his load fo heavy 
as to permit him to afeend the wheel without its turning, let 
him only move a ftep or two toward the circumference, and he 
will be fully equal to the talk. Again, if the load be fo 
light, as fcarcely to rrfift the aftion of his feet, and thus 
oblige him to run through fo much fpace, as to tire him 
beyond needflry, let him move laterally towards the centre, 
and he will foon feel the place where his ftrength will fuffer 
the lerttt fatigue, by railing the load in queftiou. 

It ha3 been before obferved, that, if left alone, this crane 
will naturally reduce itfelf to a flate of reft, even though a 
weight weie fufpended to it. The means will appear to be 
the gripe, or brake at the top, and its lever, which ft retches 
acrofs the diameter of -the wheel, at the height of a man’s 
brtaft, when in an attitude of treading the wheel to the belt 
advantage, 

The next crane of the Society’s which we (hall deferibe, 
is one for which Mr. John Braithwaite received their gold 
medal. The defci iption publifhed in the third volume of their 
Tran famous, is as follows : 

The frame, which is wholly of call iron, is formed of 
two circles, held together by three fcrcwid bars, and Handing 
on four feet ; the crane wheel, whicli n inclol'rd within the 
frame, conflfts of three concentric toothed face-wheels, joined 
together by ftrong bars, whofc axle is the barrel, on which 
the rope is coiled 3 in the front of the face-whet Is runs a 
fhifting arbor ; on this arbor is a pinion, which may be 
brought to work in the teeth of cither of the face -wheels, 
and thereby the power employed at the winch may be ap- 
plied to raife a greater or leffer weight oceafionally. 
ABC1) E, Jigs. 3 and 4, is a frame of caft iron 5 F, G, H, 
three concentric face-wheels, united together by the tight 
ftraight bars, a, a, a ; IK a Aiding arbor, on which is 
fixed a pinion L ; M the winch or handle ; N a flop, 
which, when lifted up, permits the Aiding arbor to be 
moved backward or forward ; but, when down, retains it 
in its proper place ; 0 a pall, or flop, which prevents the 
crane running back, but may be difeharged at pleafure ; 

P the barrel on which the rope is coiled. 

We think a great improvement might be made in this 
machine, by putting on the arbor, I K, three pinions, one fur 
each wheel; they fhould all be put loofe upon the arbor, but 
either of them may be eafily fixed to turn with it by a Aiding 
coupling iron ; which will only admit of one being engaged 
at a time. The wheels might then be beviled, which are 
found, by experience, to work better than the face* wh eels : 
and the Aiding of the arbor obliges it to be of greater length 
than neceffary, and more liable to be drained or bent ; we 
have feen fuch a contrivance in other machines which a&ed 
very well. 

Fig. 5, is a contrivance of Mr. Jofepli Dixon* for which 
the Society prefented him with 15 guineas in 1793, which 
he calls a prefervative-whecl j it is intended to be applied 
within fide of an ordinary vertical wheel, where the men 
walk in the infide, to prevent the danger to which they are 
continually expofed, by the load being too great for them ; 
the wheel then runs back, and throws them about in the 
wheel, and frequently kills them. A E is the axis, or fpindle 
of the walking- wheel; the arms are mortifed into it at aa ; E 
is the part where the crane rope winds ; B* B, arc two wheels 
fixed on the axis* atd having at their peripheries fix pullies. 
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over which ropes run, that are fattened at their extremities 
to two fegments of circles C, C ; thefe are united together 
by a wooden bar D, which the men are to lay hold of and 
fufpr nd themfelvcs by in cafe of danger. 

This machine would completely obviate the danger to 
which the men who work in thefe wheels are expofed, but 
it would, at the fame time, increafe the danger to thofe em- 
ployed in other parts, as the men within the wheel would, 
by hanging thcmfclves to the bar D, remove all obftruc- 
tions to the wheel's motion, and, without fome other con- 
trivance of a brake-lever, the wheel would run down fo 
rapidly by the aftion of the load as to expofe thofe at the gib, 
and other parts, to great danger, 

Mr. Fergufon contrived a crane (already deferibed) to re- 
move the fame defeat, where the walking-wheel had a ring of 
cogs round its outfide, working into a pinion, on whofe 
axis was a brake and racket- wheel, with a winch at the end 
for the man who managed the brake to afiilt occafionally 
in raifing the load. But the rapid motion of the circum- 
ference of thefe large wheels, in mod cafes, renders this 
contrivance inapplicable, unlefs a fmaller cog-wheel was fixed 
upon the fame axis with the walking-wheel. 

Fig. i, of Plate XX I. is a gib for a crane invented by Mr. 
Bramah, and deferibed by him in Nicholfon's Journal, 8vo. 
vpl. viii. p. 99. The fupport for the gib is a hollow pipe 
or column, A, firmly fix^d by a fquare flinch, bo’ted to 
beams in the ground, and the rope for the crane paffes 
through this pillar. The gib of the crane has two fockets, 
fitting to the pillar, 10 that it can turn all round. A 
pulley, by is fixed on the back of the gib and its edge hangs 
juft over the centre of the column : d is the pulley at the 
end of the gib. The crane rope, after going over the pul- 
lies byd t paffes down the column, and goes round another 
pulley, to convey it to the crane-work, which may be of 
any of the kinds we have deferibed. 

Fig. 2, is a very good kind of crane, as it requires no 
framing over it } it turns round upon a ftrong vertical beam, 
A B, moving between rollers fixed in the floor of the 
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whaif at B, and going down below that 12 or 14 feet, 
where it works on a pivot. The beams of the gib are 
mortifed into the beam A B ; the wheels are mounted ia 
a frame formed by two caft iron croffea bolted to the 
beam, one on each fide ; the barrel is one foot diameter ; 
the great wheel has 100 teeth, and is four feet diameter ; the 
fecond wheel has 31 teeth ; and the lift pinion feven leaves* 
The winches can be applied to any of the wheels for dif- 
ferent powers, when it is ufed on the barrel, or fecond 
wheel ; the others are put out of geer by Hiding 
their fpindles endways. The barrel and pullies fhould 
always be grooved, as in Mr, Smeaton’s crane, where 
chains are ufed, though this is not fufficiently attended" to 
by Mechanics. 

Fig. 3, reprefents the tongs by which logs of timber arc 
taken up with a crane, and the greater weight they bear the 
better they hold. Figs. 4 and 5, are two elevations of a 
c:ane by Mr. Valentine Gotilieb of Lambeth Marfh, Lon- 
don. The barrel, A, has a wheel fixed to it at each end ; 
one. /i, has 96 teeth, the other 90$ b is an. arbor with two 
pinions on it of tight teeth for the wheel 96, and another of 
14 for the wheel 90 ; thefe pinions are at a fmaller diftance 
apart on their arbor than the two wheels, fo that they can- 
not be both engaged to the wheel at once, and by finding it 
an end either wheel and pinion may be ufed for different 
work ; *,/, are two Hops to hold it in either one ; h is a fly 
on the fame arbor b t and t the handle. The original part 
d the crane is the^ib ; it is a large beam, H, placed hori- 
zontally, and running upon a roller at 2, and its other end 
kept down by another at /; it has a pulley at its outer end, 
over which the rope paffes. The underfide of the beam ia 
cut into teeth, forming a rack, and a pinion of eight leaves, 
on the fame arbor as the wheel m, moves the beam, fo as to 
bring the goods fufpended from its end into the houfe. H 
is the wall of the warehoufe, and the wheels are fuppofed to 
be placed in the roof. The wheel m, and the fly wheel, 
have endtefs ropes going round them to work the crane by, 
in the room below, if neceffary. 



Crimson 


CRIMSON, in Dyeing , is produced by various proceffes 
according to the nature of the fubftance employed, and the 
kind of duff deltined to receive the colour. Wool and filk 
are dyed either with cochineal or Brazil ; with the former 
the colour is more fixed and permanent, and is called the true 
or fine crimfon ; Brazil gives a fine colour, but does not 
refill the aftion of the fun and air fo well. 

All the procefles for dyeing wool crimfon with cochineal 
may be reduced to two. Either the (hade defired is given to 
cloth previoufly dyed fcarlet, or the cloth is dyed crimfon 
at once. 

The natural colour of cochineal is crimfon, and it affords 
this colour both with alum and the folution of tin, when its 
effefts are not modified by the aft ion of tartar, as has been 
fhewn by Bancroft. When cloth therefore that has been 
dyed fcarlet in the ufual way is boiled in a folution of alum, 
the natural hue of the cochineal is reftored, and the cloth 
becomes crimfon. Alum, falts with earthy bafes in general, 
the fixed and volatile alkalies all effeft this change ; the 
quantity neceffary to produce any determinate fhade, varies 
confiderably with the nature of the water employed. Some 
which is loaded with earthy falts will anfwer the purpofe 
without the addition of alum, or any other fubftance what- 
ever. 

Hellot tried foap, foda, and potafh ; all thefe fubftances 

I jroduced the colour defired, but faddened it and gave it 
efs luftre than when alum was employed. Ammonia, on 
the contrary, produced a very good effeft ; but it evaporates 
quickly from the bath and requires a confiderable quantity. 
Hellot replaced the ufe of it, by adding equil quantities of 
muriate of ammonia, or common fal ammoniac, and potafh ; 
the ammonia was difengaged in the bath, and in this way the 
cloth inftantly took a very bright colour. He afferts 
that the colour is fo much heightened as to render lefs 
cochineal neceffary. Mr. Poerner has given nearly the fame 
procefs. He direfts the cloth to be boiled an hour in a folu- 
tion of common fait in the proportion of 2 k ounces to i lb. 
of wool, and to let the cloth remain in it 24 hours after it is 
become cool. A bath is prepared with 1 ounce of cochineal, 

2 drams (gros^ of tartar, and 2 ounces of folution of tin 
for every pouna of cloth, and in this it is boiled one hour. 
When wafhed it is fteeped in a vat, in which equal quantities 
of fal ammoniac and potafh, in the proportion of 6 drams of 
each to a pound of cloth, have been previoufly diffolved ; 
it is fuffered to remain here 24 hours, frequently turning and 
moving it in the liquor. It is afterwards taken out and 
wafhed. The colour is a reddifh crimfon inclining to 
blue. 

This mode of producing crimfon by the aftion of alka- 
lies or alum, is generally reforted to when cloth dyed^fcarlet 
has been ftained or fpotttd by accident. Thefe defefts 
are thus remedied or rendered lefs glaring. Muriate of foda, 
or common fait, has alfo the property of converting fcarlet 
to crimfon, and has long been ufed for this purpofe in Lan- 
guedoc, according to the teftimony of Hellot. 

To dve crimfon at once, a folution of two ounces and a 
half of amm, and an ounce and a half of tartar to every 
pound of cloth, ~is ufed for the boiling ; the cloth is after- 
wards dyed with 1 ounce of cochineal. Solution of tin is 


commonly added, but in lefs proportion than for fcarlet. 
The procefles employed vary greatly according as the fhade 
required is deeper or lighter, or more or lefs removed from 
fcarlet. Some ufe common fait for the boiling. 

Mr. Poerner direfts the boiling to be made writh 3 ounces 
of common fait and 3 of alum, to 1 pound of cloth, and 
after fuffering it to remain 24 hours in the folution after 
cooling, to boil one hour in a bath compofed of 1 ounce of 
cochineal, 2 drama of tartar, and 2 ounces of folution of 
tin. The cloth takes a reddifii crimfon. 

A bright reddifii crimfon of very agreeable hue maybe 
obtained by boiling 1 lb. of cloth a full hour in a bath pre- 
pared with 3$ ounces of alum and 2i ounces of tartar, fnf- 
fering it to remain 24 hours in the liquor after cooling. 
Then boil an hour and a half in a bath compofed of 1 ounce 
of cochineal only, without any other ingredient. If this 
cloth be fteeped 24 hours in a cold folution of ounce of 
fal ammoniac, and i £ ounce of potafh in 20 lbs. of water, 
the colour becomes deeper, and another fhade of crimfon is 
by this means obtained. 

Archil and potafh are frequently ufed for faddening crim- 
fons and giving them more bloom, but the hue thus im- 
parted foon vanifhes. 

The boiling for crimfon is fometimes made after a fcarlet 
dyeing, by adding alum and tartar to the bath, and fome 
particular fhades of crimfon are faid to poffeffs more bloom 
when dyed this way, than when frefh baths are ufed. 

Crimfons in half grain are fometimes dyed by fubftituting 
madder for half the quantity of the cochineal, following jn 
general the fame procefles as for the grain crimfon. Other 
proportions of madder may be ufed inftcad of half, accord* 
ing to the effeft required. 

The colour produced by Brazil is not fo permanent on 
wool as cochineal, it is neverthclefs employed. The cloth 
is boiled in a folution of alum, to which a fourth of it* 
weight, or even lefs of tartar is added. A greater propor- 
of tartar inclines the colour too much to the fcarlet or 
yellow hue. 

The cloth thus impregnated fhould remain fcvcral days in 
a cool place ; after which it is dyed by boiling gently in 
Brazil liquor. The colouring matter which is nrft depofit- 
cd does not yield fo fine a colour, the coarfeft goods fhould 
therefore be pa fled through the bath firft, and afterwards 
the finer one*. In this way a colour is obtained which (lands 
the action of the air tolerably well. 

Mr. Poerner direfts 1 lb. of cloth prepared with 5 ounces 
of alum, and 1 ounce of tartar, to be boiled one hour in a 
hath containing 6 ounces of Brazil, and 6 ounces of alum. 
The cloth acquires a deep brick red. When deeped 24 
hours in a cola folution of pc ;afh, it becomes a fine reddifii 
crimfon. By preparing the cloth with alum and tartar, 
Mr. Poerner obferves that very good and ufeful colours may 
be obtained from Brazil, which are deeper and richer than 
thofe obtained on cloth prepared w ith alum, tartar, and fo- 
lution of tin, or with tartar and folution of tin without 
alum, By varying the proportion of the ingredients, and 
dill more by the aftion of potafh and fal ammoniac, thefe 
fhades of crimfon may be greatly modified. Colours obtain- 
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ed from Brazil may thus be rendered tolerably permanent, yet 
they are not comparable in this refped with thofe obtained 
from cochineal or madder. A bloom is fometimes given to 
madder colours by palling tliem through a dccoftion of 
Brazil, but this flight tinge foon fades and perifhes. 

Mr. Guhliche gives a procefs, by which he pretends that 
fine and more permanent colours are obtained than by thofe 
in general ufr. lie directs pure vinegar, or accto-citric acid, 
or aqua regia, to be poured on Brazil rafped or chipped, till 
it is covered with the liquor ; the mixture to be well fliaken, 
then left to fettle for 24 hours, after which it mult be de- 
canted, filtered, and kept for ufc. On the refiduum, frefh 
water or vegetable acid is to be poured, and this to be 
repeated till all the colouring matter is extruded, when 
the wood will be found to be black. All thefe liquors are 
then to be mixed together for ufe. 

The Huff having been prepared with a flight galling 
of fumac, or white galls, is flightly alumed: After nnfing, 
it is entered wet into a bath prepared as follows : Some of 
die acid folution of Brazil is diluted with water proportionate 
to the quantity of Huff, or the (hade of colour to be given. 
When this is fo hot that the hand will juft bear it, folution 
of tin is poured in till it is of a fire colour j it is then ftirred 
and the fluff entered. In half an hour it is taken out and 
wafhed. The remainder of the bath may be ufed for 
lighter fliades, but thofe fluffs only mud be galled that are 
for deep ones. The aceto-citric acid, as it is called by 
Berthollet, is a liquor of which Mr. Guhliche makes great 
ufe in dyeing under the name of vegetable acid fpirit, which 
he prepares in the following manner : He takes any quan- 
tity of lemons ; thofe of which the rind is rotten will do, 
removes the peel and the fkin that adheres to it, and fliccs 
them into a veffel, which fhould not be made of wood. He 
fprinkles them with a quantity of good vinegar, and then 
fqueezes out the liquor through a flannel by means of a 
prefs, and filters the expreffed liquor through paper. It may 
be ufed with fuccefs in this Hate, but it is apt to grow 
mouldy and the acid is watery. In order therefore that it 
may keep, and not dilute the baths into which is put, he 
direcls it to be purified # and concentrated as follows : The 
liquor is to be expofed to the fun till a fediment forms and 
it becomes clear, it is then to be filtered and diflilled on the 
fand bath. The receiver is to be changed when the liquor 
that drops becomes acid, and the difliflation continued till 
oily ftreaks are perceptible in the neck of the retort. 

The acid found in the receiver is to be kept for ufe. 

On the foregoing procefs for obtaining aceto-citric acid, 
we (hall obferve that if the acid be ufed in its recent ftate, 
as exprfeffed from the lemons, it is indeed a mixture of citric 
and acetous acid, but the re&ified and concentrated fpirit 
of Mr. Guhliche is, after all, nothing but diflilled vinegar. 
Citric acid will not rife in diilillation ; it may be decomposed 
by heat, but cannot be driven on like acetous acid ; this 
procefs of re&ification is therefore a reparation of the acid 
of the lemons from the vinegar they were fprinkled with, 
and proves the inutility of one of the ingredients at leafl of 
this compofition. Ot the efficacy of galls in rendering the. 
colouring matter of Brazil more permanent there can be little 
doubt, but it has a tendency to debafe the colour, and it is 
with reafon, that Mr. Guhliche obferves that the galling 
fhoukl be employed only for the deeper fhades. 

Silk acquires from cochineal a colour which is diftinguifh- 
cd from the falfe crimfon obtained by means of Brazil. 

Silk intended for cochineal crimfon ought not to be 
boiled with more than 2 olb. of foaj> to 100 of filk, as the 
yellow call which filk has when imperfeftly fcoured is 
favourable to this colour. It is fometimes imparted to it 
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by a flight tinge of annotto, when white filk is to be dyed 
crimfon. 

When the filk is well cleaned from the foap by wafhing, 
it is foaked in a flrorig folution of alutn, in which it is 
generally left all night, and next day is wrung, wafhed, and 
twice beetled at the river. 

The bath is prepared as follows : Into the dyeing vefTel, 
half, or two thirds filled with boiling water, from one to two 
ounces of pounded white galls are thrown in for every pound 
of filk. After boiling a few minutes, two ounces of co- 
chineal or more, according to the ilrength and fulnefs of 
the fhade required, are added for every pound of filk, and 
for every pound of cochineal, one ounce of tartar. 
When this is diffolved, an equal weight of the folution of 
tin is added ; the ingredients are all well ftirred, and the 
bath filled up with cold water. The proportion is generally 
about eight or ten quarts to every pound of filk. In this 
the filk is entered and worked till it appears quite uniform 
in colour ; the fire is then increafed, and the bath made to 
boil two hours, turning the filk from time to time. The 
fire is then withdrawn, and the filk left in the bath a few 
hours longer. It is then waflied at the river, twice beetled, 
wrung, and dried. The folution of tin for this procefs 
ought to contain more tin than is ufed in the compofition 
for fcarlet, otherwife the colour is too bright, and not fuf- 
ficiently full and deep. Macquer dire&s the folution to be 
made with one pound of nitric acid, two ounces of fal am- 
moniac, two ounces of tin, and twelve of water. 

If the colour is to be faddened, the filk after washing is 
affed through a folution of fulphate of iron, more or lefs 
rong, according to the fhade required : if the crimfon 
fhould have a tinge of yellow, a greater or lefs proper* 
tion of the decoction ot fuftic mull be added to the lolu- 
tion. 

White galls are preferred, becaufe the black or blue galft 
debafe the colour of the cochineal ; and even white, when 
ufed in too great a quantity, dull the crimfon very much. 
Macqucr pretends that the galls ferve only to increafc the 
weight of the filk ; their general effedt, however, is that of 
giving greater permanency to the colours, and in crimfon a 
of the deeper fhades their ufe is indifpenfible. 

The quantity of folution of tin employed in the foregoing 
procefs is very fmall. If ufed in the bath in the fame pro- 
portion as for dyeing wool fcarlet, the filk would lofe its 
luftre, and acquire but a faint colour. Macquer and Scheffer 
have however each publifhed proceffes for dyeing fiJk rofe or 
poppy colour, which differ only in a few particulars from 
the ordinary mode of dyeing fcarlet, the folution of tin 
being employed cold to avoid its ft rong adion on the 

filk. 

In the procefs which Macquer publifhed in 17 68, the 
folution is prepared by adding three ounces of tin by 
little at a time, to a mixture of four ounces of nitric, and 
two of muriatic acids. When the folution is finifhed, 
6 lbs. of filk that have already had a flight ground of an- 
notto, are immerfed, and remain in il half an hour. It is 
then wrung and wafhed till it no longer renders the water 
turbid. It is dyed with four ounces of cochineal, and one 
ounce of tartar, for every pound of filk. Thefe arc boiled 
up in water, and afterwards cooled down till the hand can 
bear the heat. The filk is then entered, and the fire in- 
creafed; after boiling one minute it is withdrawn and wafhed. 
By this procefs the filk has acquired an increafe of one 
fourth of its weight. Its colour refills foap, and is much 
more permanent than that which Carthamus affords. 

In 1751, Scheffer publifhed a deicription of the follow- 
ing procefs. He diffolved one ounce ot tin in a mixture of 
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tew minces of nitric acid, and one of common fait. The 
folution was diluted with twice ks quantity of water, and 
the lilk fteeped in it 24 hours. When withdrawn it was 
wafhcd till the water no longer appeared milky, and dyed 
with four fifths of its weight of cochineal in a fmall quan- 
tity of water. The bath retains a confiderable portion of 
colouring matter which may ferve for dyeing filk a lighter 
fhade, or even for dveing crimfon by the ordinary procefs. 
It may be ufed alfo for dyeing wool. 

Scheffer deferibes the following varieties of his procefs for 
obtaining different (hades. If the filk be wrung out of the 
folution of tin, left all night in a cold folution of one ounce 
of alum in a quart of water, wrung, dried, wafiied, and 
afterwards dyed with cochineal, it will take only a pale 
poppy colour. If the filk be llecped twelve hours in the 
folution of tin diluted with eight parts of water, and then 
left ail night in the folution of alum, wafiied, dried, and 
pafi*ed through tw o baths of cochineal as before, adding to 
the fecond bath a little fulphuric acid, the colour will be a 
fine poppy red. 

In the experiments made by Berthollet on this fubjeft, 
the folution of tin, which anfwcred bed for dyeing filk, is 
that which he lias directed for the fcarlct dye, and is made 
by difl’olving flowly in one pound of nitric acid, two ounces 
or tin, and two ounces of fal ammoniac : the fait to be 
diftblved firft, and the tin added afterwards in fmall portions 
at a time, Itirring it frequently to incorporate the folution 
fully. When fiuifiicd and decanted from the black fediment 
w hich is depofited, it is diluted with one fourth of its weight 
of water. The nitric acid employed fhould be of the 
ft rongtll of 30° of the hydrometer of Beaume, which cor- 
refponds with a fpecific gravity of about 1.26. 

Solutions containing a greater proportion of tin gave 
deeper fliades. The colour obtained by the above, was a 
fine cherry colour fufticiently bright. 

Brazil wo >d is ufed for dyeing filk what is called falfe 
crimfon, to dilli »guifti it from that produced by mea-us of 
cochi »eal, or grain crimfon, which is mucii more permanent. 
Vinegar is ufed to diftinguilh the true colour from the falfe, 
but t ( r> proof is fallacious, lincc the Brazil crimfon dyed 
with the folution of tin, refills the action of vinegar like 
cochineal, though that dyed with alum does not. 

Silk intended for this crimfon, fhould be boiled with foap 
in the proportion of twenty pounds to a hundred of liik, and 
afterwards alumed. Lefs alum is required for this than for 
grain crimfon. .After rinfing in the river, it is puffed 
through a bath more or lefs charged with the deco&ion of 
Braziiaccording to the fhade required. If water, free from 
earthy falts, be ufed, the colour is too red for crimfon ; the 
proper hue is given to it by palling the filk through a flight 
alkaline folution, or by adding a little alkali to the bath. 

Working the filk in bard water till it has acquired the 
proper (hade, will anfwer the fame purpofe. 

Logwood liquor may be added to the Brazil, to deepen 
the (hade of crimfon, and a little alkali ufed with it alfo 
when the fhade defired requires it. 

There is the fame objection to the ufe of the folution of 
tin in dyeing filk crimfon with Brazil as with cochineal ; 
filk has not that powerful attraction for the colouring matter 
combined with tin that wool has 5 the greater part therefore 
feparates and contracts no union with the fluff. Bergman, 
however, remarks that the colours imparted to filk by different 
dye woods, may be much improved by fteeping the filk in a 
cold folution of tin. A ftrong dccodlion of Brazil, fays 
he, gives to yellow filk prepared in this way a fcarlet 
colour inferior indeed to that of cochineal, but finer and 
more permanent than if it be iteeped in alum only, and as 
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capable of (landing the proof by vinegar as crimfon or poppy 
in grain. Mr. Guhliche deferibes a procefs, in which he 
ufes folution of tin in the bath to give filk a fire colour. 
He dircdls the filk to be galled with a folution of galls in 
white wine, afierting that an aftringent folution thus made 
preferves thebrightnefs required in filks much better than one 
prepared with water. With this folution he mixes water till 
it has acquired a yellow colour, and impregnates the filk well 
with it, leaving it to flcep cold for feveral hours. He then 
prefles out the liquor ttrongly, but without rinfing the 
filk which he dries, and afterwards foaks for twelve hours 
in a folution of alum, containing four ounces for everts 
pound of filk. The lilk taken out of the alum water i9 
wrung, and entered wet into a bath of Brazil, after adding 
to it an ounce of folution of tin. The remainder of the 
bath may be exhaufted for lighter fhadesS. If the colour be 
required more approaching to orange, the filk is not to be 
galled, but to be alumed cold with two ounces of alum to 
tile pound of filk, after which it mull be dyed orange with 
annotto, without boiling, and before it dries dyed in the 
Brazil bath. The author confefles that thefe colours, par- 
ticukvrly the latter, are not very permanent. For rofe co- 
loin 8 he omits the galling, and for the aluming ufes only 
two ounces of alum to the pound of filk. For light fliades 
he recommends tin? folution of alum to be decanted from the 
fediment that may have been d‘«jofited, and prefers dyeing 
them cold, ufing a bath richer in colour. The filk is to be 
taken out as fuon as it has acquired the proper tint, and the 
bath may be exhaufted for other (hades. With thefe pre- 
cautions he affurea us, that fine colours of tolerable perma- 
nency may be obtained. 

The crimfon imparted to cotton or linen by cochineal 
and Brazil, has little folidity, and is on that account but 
little ufed, more efpecially as madder imparts to thefe fub- 
llances, properly prepared, one of the molt beautiful and per- 
manent colours which the art of dyeing can produce. 

As this however is not the place in which to enter into a 
detail of the operations of the Turkey or Adrianople red, 
which we purpofe to treat at large under another head, we 
fhall give fome account of the procefles that have been pro T 
pofecl and pradtifed with more or lefs fuccefs for producing 
a fine crimfon colour upon cotton by means of cocnineal and 
Brazil. 

Mr. Poerner has made many experiments with different 
mordants, as alum, folution of tin, fal ammoniac, potafh 
Sc c. for dyeing cotton with Brazil, ufed either in the bath or 
in the preparation of the cotton. He could not produce 
a colour, however, that would Hand wafhing with foap, 
though fome would (land the adtion of the air and wafhing 
with fimple water very well. He recommends cotton thus 
dyed, to be dried in the fhade. 

Mr, Berthollet received from Mr. Brown the following 
procefs for dyeing cotton a crimfon colour, which is ufed 
by fome manufacturers. 

A folution of tin is prepared in the proportion of nitric 
acid two pounds, muriatic acid one pound, tin eight ounces 
and water one pound. The liquids being well mixed, the 
tin is added by little and little. For a piece of cotton velvet 
weighing fifteen or fixteen pounds, a bath is prepared con- 
fiding of boiling water four parts, ftrong decodlions of galls 
two parts. Having raked up the bath, the piece is entered 
and worked for half an hour, and left to foak two hours, 
when it is taken out and left to drain. Another bathpre- 
pared with three buckets of boiling water, and one of de* 
codtion of Brazil wood, alfo boiling, is to be raked up and 
the piece worked in it an hour. . This bath is to be thrown 
away, the veflel wafted out and then filled with a pure de- 
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co&ion of the wood, in which the piece is to be worked 
half an hour, and then raifed on the winch, A bath of 
very clear river water, with a quart of folution of tin, 
being prepared and raked, the piece is to be worked in it a 
quarter of an hour. It is then wound on the winch, and 
jet on the vcffel containing the decodion of Brazil, one 
fixteenth of which is to be taken out and replaced by an 
equal quantity of boiling decodion. This being raked, 
the piece is worked in it half an hour, wound on the win£h 
and carried back to the vcffel containing the folution of tin, 
Thefe operations are performed alternately fix or eight 
times, oblerving each time to take out a fixteenth of the 
bath of Brazil wood, and replace it with an equal quantity 
of boiling decodion of the fame wood, to rake the bath of 
compofition each time, and to finifh the dyeing with the 
latter. The piece is to be walked in the river, and dried in a 
dark place. 

With the aluminous mordant cotton takes a full and 
tolerably bright crimfon from Brazil, the permanency of 
which is confiderably increafed by previoufly fubjeding the 
cloth to the operation of galling. The printer’s mordant 
prepared with acetite of lead ana alum, is bell for this pur- 
pofe. When ufed diluted, the lhades of crimfon and rofe 
colour are very delicate, but fo fugacious as not to fupport 
the adion of the fun and air unimpaired a fingle day. 
Sumac ufed in the bath along with Brazil contributes 
greatly to its fixity ; the llronger lhades dyed this way 
fupport the adion of the air tolerably well, and have 
greatly the appearance of a madder red. 

•Cochineal is little ufed for dyeing cotton and linen, fince 
the colour is much lefs permanent than that obtained from 
madder. Scheffer however has deferibed a procefs which 
may be employed. The cotton is to be ftceped 24 hours 
in a cold folution of tin, it is then wrung, walhcd, and 
boiled a quarter of an hour with four-iixths of its weight 
of cochineal. It takes a light red, and refills the fun and 
air for a time, but not foap. Little ufe appears to have been 
made of this procefs of Scheffer, though it is probable that 
Dr. Berkenhout availed himfelf of it fome years afterwards, 
when he pretended to have difeovered the means of dyeing 
fcarlct crimfon, and other colours upon cotton and linen ; 
and though his procefs w"as not materially different from 
Scheffer’s, nor in any refped preferable, he obtained cooo /. 
from tkc Jiritifh government, as a reward for making it 
public. 

As it excited confiderable intereft and fome contention 
at the time, we (hall prefent our readers with the following 
detail of the procefs, as it was communicated by order of 
the lords of the treafury to the company of dyers in the 
city of London, Aug. 16th. 1779. 

“ Cotton or linen, either in yarn or piece, fhould be 
perfedly wet with hot water, and then wrung out, as is the 
common pradice. 

M This being done, it muff be perfedly foaked in a fo- 
lution of tin diluted with an equal quantity of clear foft 
water. 

“ The cotton or linen being fo far prepared, mull be 
wrung out, but not forcibly ; it is then to be nearly dried, 
laying horizontally upon a hurdle with a double linen fheet 
between them, and covered with the fame. 

** The folution of tin being for fcarlet, muff be made 
of nitrous acid, and not of aquafortis; but for crimfon, 
aquafortis muft be ufed, and the bloom is to be given after 
it comes out of the dye, by a fmall quantity of fal ammoniac 
and pearl afhes diffolved perfedly in warm water, but this 
Water mull not be more than milt warm. 
u The colouring vat for the fcarlet or crimfon is fimply 


cochineal in water no hotter than the hand will bear, and ai 
vegetable matter receives only the fmall particles of the 
colour from the nature of its pores, two ounces to a pound 
of the materials dyed may be neceffary ; but cotton or linen 
frefh prepared, will draw from the fame vat, heated as before, 
all the inferior lhades from fcarlet and crimfon, and if any 
colour Hill remains in the vat, it may be taken out entirely, 
by wool prepared in the ufual manner. 

“ The fame preparation of tin ferves for the green and 
cllows, with the fame materials only that are employed 
y dyers, except the beft yellow, which is produced from 
turmeric. 

M It is neceffary to obferve, that after the preparation 
has been made ufe of for fcarlet or crimfon, the refiaue con- 
tinues fufficiently llrong for greens or yellow's, even after it 
has been kept a confiderable time. 

“ N. B. To make the bell folution of tin with nitrous 
acid, it is neceffary to have the ftrong fmoaking fpirit, to 
which an equal quantity of the purm river water mull be 
added, and the proportions of the following ingredients are 
to the weight of fpirits fal ammoniac, refined nitre, 
diffolved by little at a time. In this aqua regia, diffolve -j. 
of granulated tin alfo by fmall quantities, to prevent too 
great an ebullition which would weaken the folution con- 
fidcrably. The ingredients and proportions are the fame 
when a folution is to be made with aquafortis, but that 
fpirit in general will not bear any water wheu a perfed fo- 
lution is intended.” 

Befides the fugitive nature of the colour dyed by the 
above procefs, it was found that the texture of the cloth 
was confiderably injured, and it was foon laid afide, or rather 
was never adopted. If, notwithilanding the want of fuf- 
ficient permanency, however, the colour which cochineal 
affords, Ihould Hill be required ; the beft way of pro- 
ducing it, according to Dr. Bancroft, is to foak the 
cotton (previoufly moiftened) about half an hour in a 
diluted lolution of murio-fulpnate of tin ; then wring or 
prefs out the fuperfluous part of the folution, and plunge 
the cotton into water, in w hich as much, or nearly as much 
clean potafh has been diffolved as will neutralize the acid 
ilill adhering to the cotton, fo as to precipitate the oxyd of 
tin, and caufe it to be more copioufly depofed or fixed in 
the cloth, which being afterwards rinfed in clean water 
may be dyed^ with cochineal in the ufual way. A full 
bright colour may be given to cotton in this way, which 
will bear a few flight walkings with foap, and a confiderable 
degree of expofure to air. The murio-fulphate of tin, on 
which Dr. Bancroft lavs great ftrefs, as well for the above 
procefs as for dyeing iilk crimfon, is prepared by diffolving 
14 ounces of. tin in a mixture of two pounds of oil of vitriol 
with three of muriatic acid. The muriatic acid fhould be 
firft poured upon the granulated tin in a large glafs veffel, and 
the oil of vitriol afterwards added (lowly 5 and thefe acids 
mixed fhould be left to faturate themfelves with tin, which 
they will do in time without artificial heat ; but the folution 
will be rapidly promoted by a fand heat. 

Under the head of cochineal we have given a fhort ac- 
count of its ufe in calico-printing in dyeing crimfon, to which 
we muft refer our readers as well as to the article Colour. 
for other details conneded with the fubjed. The colours 
produced from madder with the aluminous mordant in the 
ordinary proceffes of this art, ftridly (peaking, belong not 
to the claf3 of crimfon, yet by repeated brauning, boiling 
in foap or alkalies, the yellow or faun coloured principle 
which this root contains, may be nearly extracted, and tole- 
rable crimfons obtained. The addition of a fmall quantity 
of folution ofcopper to the acetite of aluittwe, gives the 
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colour a crimfoa hue of no great luftre, but very perma- 
nent* 

The following procefs by Mr. Groufe, affords a colour 
of lefa intenfity indeed, and folidity, but fcarcely inferior 
in beauty, to the Adrianople red. 

Prepare a mordant by diffolving 4 lbs. of acctite of lead, 
and 4 lbs. of alum in a gallon of pure water, and after de- 
canting the fupernatant clear folution from the precipitate 
which forms, thicken it with gum to the coniiftency re- 
quired. If the work requires the mordant to be ft$hkncd, 
add a little infufion of cochineal till it is fufRciently tinged 
to enable the printer to obferve the progrefs of his work. 
Keep the goods from four to fix days after printing, in a 
wann place, to facilitate the liberation of the acid ; rinfe 
them five minutes in a copper of water at 120°, with two 

S ood fpade -fulls of cow dung, after which wafh and rinfe 
iem in clean water feveral hours, alternately winching, 
wafhing, and fuffering them to fteepin the river. Lallly, 
winch five minutes in a clean hot water copper at 120°, and 
after rinfing and waffling again in the river, dye them as 
follows. Into a dye copper of 300 gallons capacity three 
parts filled with clean water, free from all accidental impu- 
rities, and not difcoloured either by rain or floods, put 
20 lbs. of the belt crop madder, and 60 lbs. of good fweet 
bran. Mix well, and bring them up quickly to a boil, and 
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keep them in a ftate of ebullition 20 minutes. Add cold 
water fufficient to take the copper off the boil, then enter 
two pieces, winching them brifldy and keeping them 
down with the copper ftick the whole time they are in. 
Bring the copper up to a boil again, and in 8 or 10 
minutes, according as the (hade required, the goods will 
have acquired their full colour. Enter two more pieces after 
thefe are withdrawn, and keep them in a few minutes longer $ 
they will be fcarcely inferior to the former, but as the copper 
becomes exhauffed, every fucceeding fet will acquire icfs 
colouring matter than the preceding, and if the operation 
be continued upon feveral fets without refreffling the coppek, 
the laft will acquire only a pale but delicate rofe colour. 
If the whole are required to be full deep colours, the 
copper mull be fupplied with a regular charge of bran and 
madder after every fecond fet, but toexhauft the bath fully, 
and proceed with due regard to economy, the ftrong colours 
fhould be dyed firft, and the pale and more delicate (hades 
afterwards. 

Wafh them well after dyeing, and bran them at a boil. 
The colour improves much by this laft operation, which 
may be repeated on the ftronger (hades till the colour has 
acquired its proper hue, ana the whites are good. See* 
Madder. 
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CRUCIBLE, in Chcmtfiry • Crucible are fmall vcflV-s 
made of earthenware metal, or other materials, employed by 
chemifta in operations with the naked fire, fuch as fufiona 
and reduftions of metallic ores in the fmall way, vitiifica* 
tions of earthy mixtures, calcinations, &c. &c. The con* 
ftruflion of thefe vtflVls is of no fipall importance to the 
chcmift ; and many obfervations wiil fugged themfclve* 
with regaid to their fele&ion and proper ufe. 

i. Of earthen crucibles . Formerly, when chemids made 
their own crucibles and fire-pots, the fubjeft engaged much 
of the attention of fuch eminent practical operators, as 
Pott, Glauber, Agricoh, Cramer, &c, and more lately a 
coniiderable improvement has been made by that eminent 
Scientific manufafturer, the late Mr. Wedgewood. 

A pottery ware, which (hould unite all the rcquifiteR for 
a good crucible, (hould be infufiblc at almod any heat, cfcfa 
and compact in texture, fo as to retain (aline and metallic 
fluxes for a confiderable time, without being materially 
aded on by them, or allowing them to pafs through ; ana 
(hould be able to bear fudden changes of temperature, 
without cracking or fpiitting* It is found, however, that 


all thefe requiiues are incompatible in the fame ware ; fo 
that a felc£tion mud be made, according to the intended 
ufe. 

For enduring the molt intenfe heat, without fufion, the 
hard, coarfe, brown crucibles, originally made at Walden-' 
burg, in Hiffe, have long been the mod efteemed; 
They arc manufactured, according to Pott, by mixing a 
very refraftory clay with a coarfe fand, the finer parts of 
which have been feparated by the fieve and rcje&cd# Thefe 
veffcls arc not turned on the potter's lathe, as this would re- 
quire a confiderable portion of water to bring them to the 
requifite degree of plallicity, but the nnfs is barely moif- 
teneJ, and is then falhioned into the proper (hape, by being 
ftrongly rammed into an iron mould# The crucibles are 
then very (lowly dried and baked. The genuine Hefiian 
crucibles are extremely hard, and (unlcfs filled with any 
fubdance that a&s as a powerful flux) thejr are only (often- 
ed, but not melted down, by a heat of fufneient intenfity for 
any chemical operation. Though the coarfenefs of their 
texture tends to render them porous, this defeft is c >untcr. 
afted, in a great meafurc, by the very fmall quantity of watt ? 
ufed in making them, and the consequent fmallueft r 'f th s 
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fiirinkage whilft drying ; and their coarfcncGs enables them 
to bear a pretty rapid heating and cooling without 
cracking. 

The ordinary brown crucible ware uftd in this country, 
is whiter and finer than the HeflUn, but is fofter, more 
crumbly, and much more porous ; fo that litharge, when in 
fulion at a full red heat, runs th tough this ware nearly as 
eafily as water foake tl. tough a fponge. It ia alfo more 
fulib’e than the Helfian, though it js fufficiemly refraftory 
for moft purpofes. 

The moil infufible material for fire-pots that is known, 
and which refills the operation of Mine fluxes for the longeft 
time, is a mixture of burnt and uuburnt clay ; and this is 
the competition of the large pots or crucibles ufed in glafo- 
making. Tilt peculiar advantage of this mixture us, m fub- 
flituting baked clay to fand, or arv other fiheious earth, 
and thus increafing the proportion of aluuiine, which is an 
eatth ot difficult fulucion in fluxes, and diminifhing that of 
filex, which is more ioluble. 

Crucibles intended tor the fufion of metals are much im- 
proved by a mixture of plumbago. This fubftance is in- 
fufible per fc % and being protefted from the aftion of the 
air by being involved in the day, its carbonaceous ingredient 
efcapee combuftion. If has the additional advantage of 
having no affinity whatever with the Garths, and, therefore, 
does not difpofe them to fufion ; and the unftuous foftnefs 
of this material gives a great fmoothnefs to the furface of 
the crucible, which prevents it from* detaining any portion 
of the mclttd material when poured out. The black-lead 
ware will bear fudden heating and cooling better than any 
other; and it is fo foft, that it may readily be fawed or cut 
wirh a jagged knife, whereby the chemift mayeafily fit himfelf 
with Hoppers, covers, &c. ; but its extreme poroufntfs renders 
it unfit to retain any kind of faline flux. 

The ufeful fire-ware invented by Mr. Wcdgewood is a 
very fine, hard, clofe* grained porcelain bifeuit, made of very 
pure clay and filex, which are brought to extremely fine 
powder before they are worked. This gives a^ .clofenefs of 
texture fuperior to any other pottery; fo,that crucibles 
made of it will long retain faline fluxes ; and retorts will 
ferve for.the difliliation of the moft corrofive iiqtiors, with- 
out rtquiring any glazing. Experience haf - (hewn, how- 
ever, that no kind of earthenware remains imp^rvipus to air, 
when very ftrongly heated. The great inconvenience at- 
tending the Wedgewood fire-pot ware is, its extreme liabi- 
lity to crack whilft heating or cooling, which is owing to its 

? orccIhnous hatdnefs, and the clofrnefs of its texture, 
'his inconvenience is, in fomemeafure, remedied* by giving 
the crucible a flight coating of loam of clay. 

It is often required, in chemical operations, to line the in- 
fide of a crucible with charcoal ; as, for example, in the re- 
duction of many of the Ample metallic oxyds,' or carbonated 
oxyds, fuch as the oxyds of manganefe, copper, or lead, and 
for other purpofes. This is fometime6 done by cutting 
down a piece of charcoal to fit the cavity of the crucible, 
and then fcooping a hollow in the charcoal ; but it is a 
better and more fpeedy way to mix vp fome charcoal 
powder with a very little linked meal, to moiften the mafs 
juft fufficicnt to make a (lightly adhefive mafs to line the 
crucible with it, and to dry it in a red heat, by which the 
volatile parts of the linked fly off, and a fufficicntly firm 
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charcoal is left. 

The form of the ordinary earthen crucibles is round, or 
three-cornered, or fometimes barrel-fhaped ; and they are 
ufually furnifhed with Hoppers of the fame material, with a 
{mall hole through the top, opening obliquely,, to allow the 
efcape of any vapour, when the joining is elofed by lute, 
and at the fame time to prevent any of the dud of the 
fuel from falling in. As the lower part of the crucible 
would efcfcpe the greateft heat of the furnace, if put im- 
mediately upon the bars, and would be liable to crack hy 
thf current of cold air, the crucible is genet illy fet on a 
folid earthen (land, which raifes it an inch or two fiom the 
grate. The lid of the crucible may be luted on by a mix- 
ture of clay and fand ; or, if it is required to be quite im- 
pervious, a mixture of pipe-clay, with about a tenth of glafs 
of borax, may be employed, which, in a red heat, confolidatca 
into a femi-fufed tenacious mafs. 

Crucibles are alfo made of fiJver, iron, and platina. A 
filver crucible is almoft indifpcnfible in the annlyiis of earths 
and ftones when they require to be firft treated with cauftic 
alkali ; for, if earthen vtflels are tifed for this purpnfe, the 
alkali afis alfo on the fubftance of the crucible, and thus 
much con fufion is introduced in the ptocefs ; whereas pure 
filver is not in any way afted on by alkali. The filvtr cm* 
ployed for this purpofe (ho.uld be freed from alloy, either 
by cupellation, or by being recovered from luna cornea. 
Silver, when perfcftly pure, and laminated into a thin plate* 
is fulible at a full red heat, not more intenfe than can be 
made in a common fire ; fo that a crucible of this material 
will but juft bear the heat required for the perfeft fulion of 
the fixed alkalies, and will 'hardly retain* the melted alkali 
for any great length of time. It is found, however, that 
this heat is by no means neceflary, for moft earths are com- 
pletely refolvcdf or rendered foluble in water or acid, by pre- 
vious ignition with alkali, for about an hour, in a heat fliort 
of fufion. 

When a very ftrong heit is required to be given to the mix* 
ture of alkali and earths, chemifts fometimes employ an iron 
crucible, previoufly cleaned and fmoothed on the infide, 
which is often found very ufeful for other purpofes. 

Laftly, we may mention platina as a material for crucibles, 
which has been found of fuch fingular utiiity for a vaft variety 
of ufef, that it is almoft indifpcnfible to the analytical che- 
mift. Platina has the advantage of bearing the utmoft in* 
ttnfity of heat without fufion, and not being in any degree 
cxydated by expofure to air, the fmoothnefs and polifh of 
the furface remain uninjured; fo that fubftanccs which are 
heated in it may be detached with great eafe and accuracy. 
There are few fubftances that aft on platina ; fo that moft 
operations that require heat may be performed fafely in 
veffels made of this valuable metal : the particular mode of 
working it will be mentioned under the article Platina. 
It unfortunately happens, however, that the alkalies, when 
in ftrong fufion, diffolve a fcnfible portion of this metal; 
and hence it is not equally valuable with pure filver under 
thefe circumftantes, When platina crucibles are ftrongly 
heated, in contaft with coak or coal, they (hould be in- 
clofed loofely in crucibles of earthenware, otherwife the 
vitreous flag of the coal is apt to adhere ftrongly to the 
outfide of the platina vcfTel, and cannot be got oft without 
much difficulty. 



Cumberland 


Cumberland, in Geography, a maritime county in the 
northern part of England, bordering Scotland, is bounded 
on the weft by the Irilh Sea, into which its wefle>. coatt 
projefts, fomewhat in the form of a bow, to an extent of 
nearly 70 miles ; on the north it is feparated frem Scotland 
by Solway Frith, the Scots Dyke, and the river Liddat ; 
its eaftern fide is fkirted by the counties of Northumberland 
and Durham, the dividing limits being moftly artificial } to 
the fouth its boundaries are Weftrooreland and Lancalhire : 
from the former it is partly feparated by Uils-water and the 
river Eamont, and from the latter by the river Duddon. 
The greateft extent of the county is about 80 miles, but its 
mean length not more than do ; its general breadth is nearly 
35 ; and its circumference 224. It contains 970,000 acres : 
of tkefe 342,000 comprife the mountainous diftri&s t 
470,000 are endofed, and chiefly under cultivation ; 150,000 
are in low commons, capable of improvement ; and 8000 in 
lakes and waters. Cumberland ia divided into five wards, 
fynonymoua with the hundreds in other counties ; but fo 
called here, from the inhabitants of each diwifion being for* 
.merly obliged to keep watch or ward againft the irruptions 
of the Scots, in timea of warfare. It contains one sity, 
Carlifle, 17 market-towns, 112 parifhes, 22445 houfei, * n <l 
117,230 inhabitants. The ward of Allerdale, above Dar- 
went, is in the diocefs of Chefter $ all the other part of the 
county in that of Carlifle. The representatives in parliament 


are fix, viz, two for the county, two for Carlifle, and two 
for Cocktrmouth. Cumberland pays one part of the land- 
tax, and provides 300 men for the militia. 

The furface of the county is extremely irregular and 
brokrn. The fouth-weftern diftrift exhibits a gigantic com- 
bination of lofty, rugged, and rocky mountains, promif- 
cuoufly thrown together, but enclofing many beautiful, 
though narrow, rallies, as well a» fine lakes, rivers, and 
fome extenfive woodlands. On the eaftern confines, another 
range of hills ftretchcs along to Scotland, but pofleflet much 
left pi&urefque beauty than the former. In the front of 
this laft aflemblage, a confiderably broad trad of low ground 
extends the whole length, unobftrutted by any high mounts, 
partly cultivated, partly heathy common, and watered by 
the Eden, and numerous brooks and rivulets. Tbit traft 
becomes very extenfive before it reaches Carlifle ; ftretching 
acrofs the county to Wigton, and thence toward! Working- 
ton, including all the northern part of the county. Along 
the weftern Ihore there is a ftrip of cultivated land, from two 
to four or five milts in width. The woodlands are but few ; 
and the general : ppearance of the county is bleak and naked, 
from the extenfive moors which fo frequently prefent them- 
felves to the eye of the traveller. The foils of thia diftrift 
art exccrd.ogly various, but have been clafled under the di- 
vifions of fertile clays, or ftrong rich loams, which occupy 
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but a fmall portion of the county* and are chiefly appropri- 
ated to the growth of wheat ; dry loams* including the dif- 
ferent degrees from the rich brown loams to the light Tandy 
foils* ard occupying the greater portion of the land ; wet 
loam* generally on a clay bottom, and adapted to grazing ; and 
black peat-earth, which is very prevalent in the mountainous 
diftrifits, and particularly thofe adjoining Northumberland 
and Durham* The enclofed grounds are kept free from 
moles by an excellent pra&ice obferved in the different pa- 
rities, of hiring perfons to deftroy them for a term of years, 
at a certain annual falary, which is raifed like the regular 
parochial taxes, and does not exceed an halfpenny per 
acre. 

The buildings of this county are chiefly of tone, except 
in the market-towns, where the houfes are generally of 
brick ; and near the borders of Scotland* where they are 
moilly conftru&ed with clay or mud. Moft of the old farm- 
houfc8* cottages, and out-houfes, are thatched with ft raw, 
and the ftones of the walls laid with clay inftead of mortar ; 
but the more modern buildings are generally covered with 
flate, and their walls cemented with lime: in thofe diftridb, 
however* where clay or mud walls prevail, the advances of 
modern improvements arc admitted with fome rtlu&ance j 
the people confidering them as an expenfive and unneceffary 
luxury. Many of the houfes are covered with a very fine 
blue flatc, the bell kinds of which are procured in Borrow- 
dale. 

The principal manufactures of Cumberland are the fpin- 
ning ana weaving of cotton into calicoes, cordcroys, and other 
articles ; and the printing of cotton. The former has not 
been many years introduced : it was firft planted at Dalfton, 
and fcon extended to Carlifle, Warwick- Bridge, Corby, 
Comerfdale, and a few more places. The feat of cotton- 
priuting is at Carlifle, the population of which place has 
thereby been much increafed. In fome of the market-towns 
arc fmall manufactories of checks and coarfe linens. At 
Egrcmont eighteen looms are employed in the manufadture 
of (ail-cloth ; and at Whitehaven, where it was only intro- 
duced in 1786, feveral hundred hands are employed in the 
different branches of the fame manufa&ure, Three or four 
paper-mills are employed in different parts of the county ; a 
manufadtory of coarfe earthen ware has been long carried on 
near Dearham j and near Workington are the Seaton iron- 
works* which employ feveral hundred workmen. Many 
private families knit and fpin their own ftocktpgs; and every 
village i3 (applied with a weaver or two, who weave their 
home-made cloth. 

The mineralogical fubftances of Cumberland sre extremely 
rich and variegated, and exift in fuch abundance in the dif- 
ferent parts of the county, that a deferiptiou of the whole 
would, of itfelf, conftitute a work of confiderable magnitude. 
In the calcareous genus is limeftonc, of various colours, 
texture, and hardnefs. The quarries at Oeerend contain 
impreiftons of many kinds of (hells, with ammonise, en- 
trochi, and alterix ; and a great variety of marine exuviae 
are found in the limeitone on the moors near Gifland Spa. 
Maiblc, with (hells in it, of a browni(h colour, is met with 
at Little Stainton and Dacre; du(ky-grccn, veined with 
white, at Crofs-felJ $ yellowifh, grey, lead-colour, and 
brown, with or without (hells, on the banks of the Pcteril $ 
and biuci(h-biack, clouded with lead -grey, veined and jotted 
with white, hard, free from cracks, and admitting of a fine 
polifh, near Kirkofwald. Beautiful fpccimens of (par of 
various colours, amorphous, and cryftallizcd in different 
fot ms, are found in the lead mines of Aldfton-Moor $ and, 
fince the ftudy of mineralogy has become falhionablc, have 
been fold for conliderablc fums, In the mines between 
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Kefwick and Aldfton it has been met with, cryftalh'zed in 
hexagonal prifms, terminated at one end by a pyramid. 
Gyofum is found in many parts of the county; its colour is 
moftly white, veined, clouded, and fpotted with red ; fome* 
times brown and grey; of compact, even fra&ute. It fre* 
quently, however, exhibits a confiderable variety of appear* 
ance, even in the fame quarry; and at Neubiggcn is met 
with not only compad, but fplintery, fibrous, foliated, and 
cryftallizcd : in the latter (late, the crvflals are pure and 
colourlcfs, arrow-headed, and irregularly diipofrd, forming 
the refemblance of a cock’s-comb. It lies embedded in red 
argillaceous marl, between two large ftrata of fandftorie 1 
the upper, {olid, hard, and fine-grained ; the under, loofe, 
friable, and coarfe. The (iratum varies confiderably in 
thicknefs ; and in fome places, immediately below it, there 
is a thin bed of a foft umber-like fubftance, which, on ex- 
amination, appears to be decayed wood. The lead-mines 
of Aldfton-Moor contain a great variety of fluors, compact, 
foliated, amorphous, and cryftallizcd. The colours arc 
red, green, blue, yellow, purple, violet; and of all grada- 
tions, from very pale to almoft black. They are fometimes 
found ftudded with brilliant quartz cryftals, and with cryf- 
tallized galena. In the magnefian genus is mica, which is 
found of many different colour*, interfperfed and incorpo- 
rated with feveral kinds of ftones, and particularly in moft 
of the fandftone rocks. Spangles of filveiy mica arc met 
with in a red, flaty, friable (tone, near the river Caldew, in 
the quarries on the Peteril, and various other p’aces. The 
fteatitea, femi-indurattd, white, (freaked with pale green, 
has betn found at Hill-Top and St. John's 5 and fome of 
the folid white kind in Langnor iron-mine, at Borrowdalc, 
and at one or two other places. Some fmall rounded maffea 
of Terpentine are met with in many parts on the fra-fhorc, and 
fometimes, but rarely, in ploughed grounds. Afbeftos has 
been difeovered in the lead mine at Northend, and in fome 
of the mountains, where it prtftnts a great variety of ap- 
pearance, as it feems to graduate into different fubftances. 

Of the filicious g<*nus are quartz cryftals, which are found 
in the mines of Aldfton-Moor, beautifully tranfparent, and 
of various forms and colours : fome of the yellow kind are 
but little inferior in brilliancy to the Brazilian topaz. Gar. 
nets are not uti frequently found in micaceous ftones ; and 
fome beautiful fmall ones have been met with in the neigh- 
bourhood of Kefwick. Cornelians of various tints, but 
principally of different (hades of red, are often difeovered on 
the fea-fhore, and near the furface of the earth in many other 
places. Jafpcrs of different colours, often veined, clouded, 
and fpotted, are generally met with in beds of rivers, and on 
or near the furface of the ground. Many fubftnncea of the 
argillaceous genus are found in different parts of the county. 
Trap, whinftone, and toadftone, exift almoft every where; 
the two latter generally in detached pieces on the furface. 
Schiftus, of feveral varieties of colour, is found in immenfe 
ftrata in many parts ; and fchiftofe clay, frequently of a ta* 
bulatcd ftrufture, refcmbling the leaves of a book, is met 
with in moft coal-mines, at Gifland, Kefwick, and varioua 
other places. Terra-porcellanea, or porcelain clay, the 
kaolin of the Chinefe, is found at Barrack, near Nebfteps : 
it is of a white and cream colour, moftly friable, and dully 5 
it contains minute particles of Alining fiWcry mica. On ttie 
banks of Ullfwater, tripoli is frequently difeovered in rounded 
lumps, of a greenifti colour, in gravel beds fometimes, and 
in coarfe martial clays. Fcffil, or pit-coal, is found in 
many parts of the county, and of very different qualities. 
It is met with at various places along the eaftern mountains 5 
but is eafieft of accefs, and in the greateft abundance, on 
Talkin and Tindaie Fells, whence Carlifle, Penrith, and 
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Brampton arc chiefly fupplied. On the weft fide of the 
liver Caldew, near Calbcck, and thence to Mary port, 
Workington, and Whitehaven, it exifts in great abundance ; 
and many coal-mines are conftantly at work in this diftrift, 
and particularly at Whitehaven. Some very large pits have 
alfo been opened at Workington and Tindale Fell, near 
Brampton. Thin layers of iet are fometimes found in the 
rocks on the Irthing, in fmall detached pieces in the bed of 
that river, on the iea-fhore, and near the furface of the earth 
in other places. Wallerius, and other eminent chcmifta, 
have fuppofed it to be afphaltum, condenfed and hardened 
by length of time. It bears a fine polifh ; and is frequently 
worked into toys, bracelets, boxes, buttons, and other ar- 
ticles. The famous black-lead, or wadd mines, are fituated 
at the head of Borrowdale, in a place extremely difficult of 
accefs, and, for the riches and qualities of the fubftance, are 
unequalled by any in the world. The miue9 lie to the eaft 
of a very fteep mountain, which forms the weft fide of the 
vale of Stomathwaite. There are two workings : the lower 
one is about 340 yards above the level of the fea, and its 
perpendicular depth about 105 yards; the upper one is 
nearly 390 yards above the fea, and its depth about 30. 
The ftrata of the mountain are very irregular, and broken ; 
and the black-lead appears to have been formed in the fif- 
fures. The mineral itfelf docs not exift in regular ftrata, but 
is found in irregular maffes. It is deferibed as lying in the 
mine in form refembling a tree, having a body or root, and 
veins or branches fpreading from it in different directions : 
the root or body is the fineft black-lead, and the branches 
the worft; growing proportionally more inferior, as they 
become diftant from the parent ftem. The veins, or 
branches, fometimes (hoot out to the furface of the ground ; 
yet thefe indications are very rare. The black-lead is gene- 
rally embedded in a blue rock, which is not unfrequently 
ftained as black as the mineral itfelf to the depth of two or 
three feet ; fometimes there is a wet fludge between the rock 
and the black-lead ; at others it is found in fops, or lumps, 
in a body without branches. In the deepeft mine, the 
black-lead lies in two veins, crofting each other ; the main 
body, and richcft in quality, being at the point of intcrfec- 
tion : thefe veins fall perpendicularly to the depth of 40 
fathoms. The blue (tone, where the black-lead is com- 
monly fouud, has often a ftratum of hard granite above it. 
Quartz cryftals arc frequently difeovered in the working. 
The country in the immediate vicinity of the wadd mints 
hss bren deferibed by a native of Cumberland (Mr. George 
Smith), as full of catara&s and rivers, that are precipitated 
from the craggs with an alarming noife ; and the fummit of 
the mountain itfelf, in whofe bowels this valuable mineral is 
produced, has been depifited by the fame gentleman as truly 
terrifying. «« Not a herb was to be feen but wild favine, 
growing in the interfticcs of the naked rocks ; while the 
horrid projection of vaft promontories, the vicinity of the 
clouds, the thunder of the explofions in the Hate quarries, 
the diftance of the plain below, and the mountains heaped 
on mountains that were piled around us, defolate and wafte, 
like the ruins of a world which we had fnrvived ,• excited 
fuch ideas of horror as are not to be ex puffed.” The value 
of this fubftance, and the Angular fraud of an owner of a 
contiguous part of the mountain, who fecretly funk a lhaft, 
and opened a paftage diagonally to the mine, occafioned an 
a& of parliament to be made in the reign of George II. to 
prevent its being ftolen, by fubje&ing the criminal to the 
fame pumfttmeut as for felony. In this a& there is a recital, 
that black-lead hath been difeovered in one mountain or 
ridge of hills only in this kingdom ; and that u it hath been 
found, by experience, to be ncceffary in the cafting of 
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bomb-fhells, round-fhot, and cannon-balls.* The chief ufe 
to which it is now applied is drawing; and the lead of fome 
pencils made at Kef wick is of fo very fine a texture, that it 
bears a point nearly as (harp as that of a needle. Some af- 
fert that it may be ufed medicinally, to eafe the pains of the 
gravel, ftone, ftrangury, and colic. 

The principal metallic fub dances of Cumberland are lead, 
copper, and iron ores. The lead mines are chiefly in Aid* 
ftoti-Moor, on the fouth-eaft borders of the county, where 
about 1 j 00 men are employed, and clear to the owners up- 
wards of 16,000/. per annum. In working fome of thefe 
mines, the miners frequently meet with large breaks in the 
rock, like grottoes, wholly encrulled with the moft beau- 
tiful fpar, which, on entering, has the richeft appearance 
imaginable. The whole cavern, by the light of a candle, 
refleded from a thoufand points, appears as if befpahgkd 
with gold, fiiver, and diamonds. Thefe internal openings 
are generally clofed up as foon as found ; the fpar they con- 
tain being a great temptation to the workmen to negled 
the fervice of their employers, as they could obtain more by 
gathering and felling fpar than by their own' bufinefs. Ga- 
lena is found, in all its varieties, in the mines in the vicinity 
of Aldfton, Kcfwick, and Caldbeck ; and it not unfre- 
quently contains a confiJerable portion of fiiver. The 
lead ores, in the mines of Aldfton-Moor, are found lying in 
cracks or fiffures. Thefe fiflures, though commonly nearly 
perpendicular, are never wholly fo ; and in whatever direc- 
tion they arc found, they always incline downwards from 
that fide where the ftrata are higheft : thus, in a vein from 
north to fouth, if the ftrata fhould be raifed higher on the 
fouth fide the fiflure than on the north fide, its inclination 
will then be from the fouth downwards to the north. The 
copper ores are commonly combined with fulphur, and ge- 
nerally contain both iron and arfcnic. The moft coniidcr- 
able copper mines are near Caldbeck, at Helket New- Mar- 
ket in Borrowdale, and at Newlands in the neighbourhood 
of Kcfwick, where the celebrated mine of goldfcarp is fitu- 
ated ; from which, by the old workings, and written docu- 
ments, it appears that immenfe quantities of copper have 
formerly been obtained. Specimens of copper ores have 
been found in the mountains named Hard-knot and Wry- 
nofe, and at fome other places. Ochreous iron ores, rc- 
fembling thofe called by Mr. Kirwan highland argillaceous 
ores, are very commonly met with either on or near the 
furface, in moft parts of the county, efpecially in moory 
foils, and where the undcr-ftratum is a coarfe martial clay. 
They appear to have been depofited by water, as they are 
generally found concreted with fmall ftones, roots, and other 
fubftances. In the parifti of Egremont, at a place called 
Crowgarth, is the molt Angular mine of iron ore fuppofed 
to be in Great Britain. It lies in the earth, at the depth 
of 12 fathoms; and the thicknefs of the band of ore, which 
is hard folid metal, is between 24 and 25 feet. It was never 
known to be much wrought till the years 17S4 and 1783', 
when it was more generally opened ; and fo great has been 
the demand for it, at Carron foundery in Scotland, and 
fome other places, that, in 1791 and 1792, the annual ex- 
portation was 20,000 tons and upwards. At Langnor, be- 
tween Whitehaven and Egremont, many varieties of the 
hematites are found, and fometimes, from their colour and 
fhape, are called kidney ore. Native Pruffian blue is fome- 
times found in the peat-mofs of this county, and in clay, 
particularly that of Etterby-fcar, near Cariifte 5 its qualitie» # 
however, are different from the artificial. 

Among the femi-metals, blende, pfeudo- galena, or black- 
jack, is met with in the greateft plenty. Its forms and co 
lours axe very different : Tome is blucim, refembling galena $ 
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black, or greenilh-black, like pitch ; of a glaffy (hining fur* 
face, often cryitallized, in irregular pyramids and other ir- 
regular figures; fometimea containing filver, arfenic, and 
other fubft inccs. Oxyd of zinc has been found at Borrow- 
dafle and Oufley. A mine of cobalt was difeoverrd about - 
ten years fince, in the parilh of Croftwaite, near Cowdale, 
about four miles from Kefwick ; but has hitherto been little 
regarded. Antimony has been found at Baffenthwaite ; 
and in the ftratum under the coal at Tindale Fell, oxyd of 
manganefe, tinged and intermixed with pyrites and mica : it 
has alfo been difeovered at Caldbeck. 

This county abounds with lakes, fome of which will be 
hereafter deferibed under Lake. The principal are known 
by the names of Ulls-water, which occupies an area of about 
9 miles in its greateft length, by about three-quarters of a 
mile, on an average breadth ; Thirimere, or Leathes*water, 
a narrow irregular (heet of water, about 3 miles in length, 
fkirts tne immrnfe bafe of Helvcllyn ; Derwent-water, or 
Kcfwick lake, is rather of an oval figure, and extends nearly 
3 miles in length, and about half fo much in breadth ; Baf- 
fenthwaite-wntcr, or Broad-water, which is nearly 3 miles 
north of K'Jw.ik lake, abounds with beautiful fetnery, and 
is 4 mile* long, ard 1 in its greateft breadth; Over-water, 
111 a b iren fituation between Binfey and Caldbeck-fells, is 
about half a mile in length, and in breadth fomewhat more 
tlnn * qinrtcr of a mile; Lowes-water, beaut’^ully fituated 
n^ar the rorth-weftern txtremity of the mountains above 
MJlbreitk, is about a mi’e long, and a quarter broad, and, 
contrary to all the others, difehargea its waters at the 
fo'ithern end ; Crummoik-water expands its pellucid bofom 
beneath fome 1 *fty mountains, and extends nearly 4 miles 
in length, and half a mile in breadth; Buttermere-w*?er, 
about a mile fomh of Crummock* water, from which it is 
fcpiraUd bv a luxuriant vale, is about a mile and half long, 
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and half a mile broad, into which numerous torrents pour 
down ftom the mountains, one of the roaring catarads fall- 
ing between four and five hundred yards; Ennerdale- water 
l'preads among the mountains near to Whitehaven, and, 
guarded, on every fide but the weft, with craggy and almoft 
impafiable heights, pofleffes a fpace of about 2 miles and 
half in length, its greateft breadth being about three quar- 
ters of a mile ; Wali-water expands its cryftal furface in the 
bofom of Waftdale, to the length of 3 miles, and breadth, • 
in the wideft part, of three quarters of a mile; Burn moor- 
tarn, feated among the wikieft mountains at the head of 
Miterdale, covers about 250 acres ; Devock-water occupies 
about 300 acres, amongfl the hills fouth-eaft of Ravenglafo ; 
Talkm-tarn and Tindale-tarn poffefs about 40 or 50 acres 
each, on the moors fouth-caft of Brampton ; and Turn- 
wadliog fpreads its waters over 100 acres, on a barren com- 
mon, j mile well from the river Eden, at Armathwaite. 

The mountains of Cumkrlund arc exceedingly numerous, 
and many of them of imrrenfc elevation, and Angular ftiuc- 
tnre. They enter into the cotnpofition of abnoft every 
vijw ; and cither by their fublime heights, their romantic 
forms, the dignified grandeur of their afpefls, the immenfity 
of the rocky maftes that compofc them, or the wild, awful, 
and impofing m?jefty of their appearance, are well calculated 
10 give birth to wterefting emotions. 

The rivers and (mailer Itreams of this county are very 
numerous. The principal are the Eden, the Eamont, the 
Duddon, the Ehen, the Derwent, *hc Greata, the'Cocker, 
the Ellen, tlu Waver, the Wampool, the Caldew, the 
Poteril, the Elk, the Liddal, the Line or Leven, the Irth- 
ing, and the Gelt. Hutchinfon’s 1 littory of the County 
of Cumberland, 2 vols,4to. Houfeman’s Topographical 
Delcriptiou of Cumberland, &c# 8vo. 
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CUPEL, or Cupellation, in Chemtflry. Cupellation 
is a procefs employed in the affay of gold and filver, by 
which the alloy, or bafe metal, with which any fample of 
the noble metals may be mixed, is feparated, and its propor- 
tion ascertained. The rationale of this procefs* is founded 
on the following fafts. 

Of all the metals hitherto difcovercd, three alone (name- 
ly, gold, Stiver, and platina,) are incapable of being oxy- 
datcd or rufted by mere cxpofure to air, either when folid 
or in fufion j and hence gold and fiiver anciently acquired 
the name of noble metals* All other metals tarmfti and are 
oxydated when kept in fufion in open vcffels, (fome with 
extreme eafe, others not without difficulty,) fo that by 
conftantly removing the llcin of oxyd as it forms, and ex- 
pofing frefh furfaces to the air, the whole metal may be 
finally changed into oxyd. Hence when a mixture of a 
noble and a oafe metal (or in other words, of a metal un- 
changed, and of one oxMablc by fufion,) are melted and 
expoitd to air, the bale metal gradually changes to an 
oxyd j and ia thrown off in the form of coloured feales or 
gfoffv pcllich'S, and the roble metal remains unalterfd. 
This Separation, however, is wot in all cafes equally accu- 
rate, for where the alloy or bafe metal is not very rainy 
oxydable, and where the proportion of the alloy to the 
noble metal is but fmall, the affinity which the latter excr- 
cifes towards the former is fo great, ami incrcafes fo much 
with the decreafing proportion of the alloy, as to proteft it 
compleatly from any further action of the aT, and to pro 
ferve it in the metallic ftate. Thus, for example, if a mix- 
ture of equal parts of filver and copper are kept iu fution in 
an open vcfftl, a cruft of brown oxyd of copper readily 
forms, which, if removed, is Succeeded by other crufts that 
continue to be produced, but with increaling difficulty, 
till the copper is only about a twelfth of the mafs ; but af« 
ter this point Scarcely any continuance of heat will complcat 
the oxydation of the remaining portion of the alloy. 

The fame, however, does not take with lead when alloy- 
ed with filver, for on fufing the mixed rnafs the lead fpeed- 
ily oxydates on the furface, and at the fame time vitnfies 
into litharge, and if this is removed, every particle of lead 
may be thus extra&cd, and the filver alone left behind per- 
fe&ly pure. 

Now it is found that when a triple alloy of filver, copper, 
and lead, is mixed together (the quantity of lead being 


fevcral times greater than that of the copper) the oxydabili- 
ty of the copper is fo much increafed by the prefence of the 
lead, owing to the affinity of the two oxyds, and the fidu- 
bility of the copper oxyd in that of the lead when in fufion, 
that the filver is no longer able to proteA any portion cf the 
copper from oxydation, and the whole alloy is removed 
from the noble metal, even to the laft fenfible particle. 

This, therefore, is the principle on which the procefs of 
cupellation is founded, namely, that of mixing the alloyed 
noble metal with a confiderable portion of lead, expoling 
the whole to a melting heat with acccfs of air, and thus 
converting to an oxyd both the lead and every other bafe 
metal prefent in the mafs, till the noble metal is left behind 
perfectly pure. 

This procefs is performed both in the large way in ex- 
tracting lilver from the ore and refining it, and in the fmall 
way in affaying thoft mixtures of gold and filver with differ- 
ent alloys which are ufed in fuch large quantities for plate, 
coin, &c. &c. The former, indeed, is technically called 
refining, and the latter only cupellation, and fome little 
variation in the management of each takes place, but the 
principle m both is precifely the fame. 

Cupellation is ufually performed in a furnace contrived 
for the purpofe, and capable of giving a pretty intenfe heat. 
The body of the furnace is a hollow four-fided prifm, in the 
middle of which is fixed an earthen veil'd called a muffle, of 
an oven fhape, vaulted at top, entirely open at one end, and 
with a flat floor at bottom. The open end of the muffle 
comes in clofe contaft with a correfponding hole in the fide 
of the furnace, and is luted to it, and the clofed end pro- 
jects as far as the centre of the furnace. By this contrivance 
the muffle is heated by the fuel round it, whilft not a par- 
ticle of the burning charcoal can fall into its cavity, and a 
gradation of heat is alfo obtained within it, being the mod: 
intenfe at the clofed end which is in the centre of the fire* 
and the leaft at the open end contiguous with the hole in 
the fide of the furnace. The cavity of the muffle being, 
large in comparison with the veffcls which it is to contain, 
a confiderable body of heated air is conftantly circulating 
over the melted metal, which is neceffary to keep up the con- 
ftant oxydation of the lead and alloy on which the procefs 
of cupellation depends. 

JBut as it would be nearly impracticable to keep up the 
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t ? qfi'firc heat within the muffle, wlu'Hl one fide was entirely 
open to the external air, a fmall veilibitfe or fh.lf of iron is 
made to projtdl a few inches from this opening, on which 
ftveral long cylinders of charcoal arc heaped up whilit the 
procefs is going on, which take fire by touching the end of 
the red-hot muffle, and partially block up the opening, fo 
as fully to heat the outer air in patting to it. 

The melted metal is contained in fmall earthen vettels 
called cupels, which are fmall folid cubes or cylinders about 
an inch or an inch and a half acrofs, and with a fmall de- 
preflion at top which lodges the melted globule. The cu- 
pels may be made of any earth of little cohefion, fuch as 
the allies left after the lixiviation of the falinc refidue of 
burnt wood, which are much ufed in refining ; but for cu - 
pellation , or allaying in the fmall quantities, the cupels are 
made* entirely of bone-alh or phofpbat of lime, which 
poflefles the qualities of porofity and inFu (ibility in an eminent 
degiee. This is ground to a fine powder, then a little 
moiltcned with water, and the mafs (which pollVffes fierce- 
ly any cohcfion) is forcibly (truck into an iron or a brafa 
mould, where it takes the requifite form, and on drying 
bicomts folid enough for ufe. The cupels are fo lmall 
that fcveral of them may be ranged fide by fide on the floor 
of the muffle, and they are fo extremely porous that the 
fufed oxyd of lead finks into their fubllanoe with as much 
cafe a* water into a lump of chalk, but all of the globule of 
metal that remains in the metallic ftate is detained in the 
little cavity on their furface. It Ihouid be obferved, that 
the cupels cannot abforb more than their own weight of 
litharge at the utmolt, fo that the quantity of metal ufed 
and the required proportion of lead mutt be regulated ac- 
cordingly. 

Expeiier.ee has (hewn the extreme accuracy and nicety 
of manipulation requifite to conduct cupelbtion with uni- 
form exa&nefs, and yet there is no procefs in which accu- 
racy is of more real importance, iince the quantities ope- 
rated on are at mod only a few grains, which are taken 
as famples of the purity and confequent value of very large 
mattes of gold and filver. Hence, too, fcales and weights of 
uncommon delicacy are required. 

Cupellation of Silver . 

For the affay of filver a clean piece of the metal is taken, 
which is not more than 36 grains, and lefs if the alloy ap- 
pears abundant, is laminated, and weighed with the utmoft 
care. It is then wrapped up in a piece of fhcet-lead of the 
proper weight, or both the filver and lead are folded in 
paper ready for ufe. The purity of the lead is important ; 
tor all lead naturally contains a little iilver, which, if not 
removed, might make a fenfible error in the affay. The 
lead is, therefore, always revived from litharge ; in which 
Hate it is remarkably pure, and contains no more than \ 
grain of filver in the pound, which quantity may be entirely 
ncgle&ed. 

The mode of proportioning the quantity of lead to the 
eftimated quantity of alloy in the iilver will be prefently 
noticed. 

The fire being kindled, and the floor of the muffle 
fprinklcd with chalk, to prevent the cupels from being glued 
to it in the procefs, the muffle and empty cupels are firft 
made fully red-hot, and the cylinders of charcoal are put 
againti the open end of the muffle, as already defenbed. 
The filver and lead arc then dropped into the cikpel, and 
the charcoal replaced. The metals immediately melt toge- 
ther ; and, when red-hot, the following appearances take 
place. The melted globule begins to fend off denfe fumes, 
which rife to the roof of the muffle, and at the fame time 
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a thin dream of red fufed matter is feen conftantly flowing 
down the fide* of the g'obule to the furface of the cupel, 
through which it finks. This fume is the oxyd of lead evapo- 
rated by the hear, and the dream of fufed matter «s the melted 
litharge, together with the cooper or othtr alloy of the 
filver which is thus extracted from it. In proportion to 
the inteniity of the hen t are the denlity of the fume, the 
violence with which it is given off. and the rapidity with 
which the melted oxyd circulates, as it is termed, or falls 
down the fides of the metal As the cupr Nation advances, 
the melted globule becomes rounder, and its furface more 
dreaky, till, in about fifteen or twenty minutes, according 
to circumftances/all the lead and alloy are vitrified and ab- 
forhrd by the cupel, the lad portions of litharge colli A in 
large bright ftreaka, which difapp- ar with great rapidity, 
flit wing the melted metal beneath bright with iridefeent co- 
lours, which fuddenly after becomes opake, and exquifitely 
white and brilliant, exhibiting the clean furface of pure 
melted filver. This lad appearance is called the lightning of 
the metal, and it is highly beautiful, as if a red cumin was 
fuddenly withdrawn from the metal. The operation is now 
finifhed, and the cupel is drawn forwards to the open fide 
of the muffle, that it may cool gradually bcfoie it is removed $ 
for, if it were fuddenly fixed, the globule is apt to (hoot 
into an arborefeent furface in the adt of congealing, by 
which fmall particles are thrown out cf the cupel and loll, 
and the affay is Tpoiled. 

In the cupellations made at the mint aflV -office, two 
affays are made of the fame metal, and no feniiole difference 
between the weight of the two buttons is allowed to pafs, 
as afeertained by fcales, that turn with the TlW h Of * 
grain. 

The procefs is confidered as well performed when the 
button of iilver adheres but flightly to the cupel j when its 
lhape is very confiderably globular, and not flattened at the 
margin ; when it is quite white, clean and brilliant, and not 
fouled or Ipotted with any remaining litharge. In this llatc 
of purity, the furface of the button is never quite fmootli, 
but is fomewhat fcaly or ftriated, the effed of a very ltrong 
tendency to cryftallization, which pcrfr&ly pure filver pof- 
feffes, but is not found in plate or alloyed metal, lender 
the microfcopc, this irregularity of furface is ftill more ob- 
fervable, and the fcales feem to incline to a pentagonal 
form. 

Where the alloy of the filver is only copper, as is ufually 
the cafe, the cupel round the button is tlained of a brown 
grey. 

The management of the fire in cupellation is of great im- 
portance. If it is fo intenfe that the cupel can fcarcely be 
diftinguilhed from the muffle, and the fume of litharge can 
hardly be difeerned through the dazzling heat, not only 
much of the lead is volatilized to mere watte, but even a 
portion of the filver is carried off along with it, which 
renders the affay inaccurate. Even filver alone, and in the 
greateft purity, may be evaporated by intenfe heat as M. 
Tillet (an ingenious French chcmitt, and matter of the mint 
at Paris) found, by an experiment, in which a button of pure 
filver was intenfe! y heated for two hours, and had loll there- 
by no lefs than T f 9 of its weight. It one vtffel is inverted 
over another that contains trie filver, in this cafe the infide 
of the upper one is found lludded with minute globules of 
filver, when viewed through a common lens On the other 
hand, when the fire is too flack in cupellation, the lithargt 
is not fully melted as it forms, and, therefore, is not abforbtd 
by 1 the cupel, but lies on the furface as a red fcoria, and the 
circulation is very (luggilh. The proper medium of heat 
is, when every thing within the muffle is fully red-hot $ when 
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the fume of litharge is abundant, and viGbly rifes to the top 5 
and when the circulation goes on rapidly, and the button 
continues very globular. Towards the end of the proccfs, 
the heat Ihould be increafed as the button, by the conftant 
abltra&ion of the lead, becomes conllantly ltfs eafily 
fufible. 

ft has been already mentioned, that in cupellation all the 
alloy of the filver is carried down into the cupel along with, 
and diffolvcd in the litharge, provided enough be uftd. 
But it was alfo found by M. Tillet, tuat a fmall portion of 
the filver is at the fame time carried down with the lead 5 
fo that, when perfcftly pure Iilver is cupelled with lead of 
known purity, the button of Iilver left after the procefs 
never weighs quite fo much as before, even though the 
heat employed is fo moderate as not to volatilize any of the 
filver. A3 a proof that fome of the filvtr is carried down 
into the cupel, M. Tillet ground this vcffel to^powder, and 
fufed it with a reducing flux, whertby he recovered nearly 
all the lead that had been ufed, and which now contained 
ten times as much filver as its natural retent of this noble 
metal, nine tenths of which, therefore, mull have been 
derived from* the button of filver during cupellation. Ac- 
cordingly, on cupelling this lead, per fe , it left behind all 
this excefs of filver, and now only carried down its natural 
reteot, which amounts to about or half a grain in a 

pound French. 

It remains to give the proportions of lead to alloy, which 
have been found tht moll ufeful in cupellation, and the method 
of eltimating the quantity pf alloy previous to this operation, 
with fufficient exadnefs to guide the artift. The ancient 
affayers ufed for this purpofe fmall flips or bar 3 of metal, 
made with pure filver and copper, in known proportions, in 
a regularly increasing feries, from the leaft to the greateft 
quantity of alloy ufually required. Thefe lets of bars were 
called touch-needles ; and, by comparing the filver to be 
affayed with thefe needles, in colour, tenacity, and other 
external marks, its proportion of alloy was gueffed at with 
fufficient accuracy to dttermine the quantity of lead required 
in the cupellation. Thefe needles are now, however, almoft 
totally difufed in filver-affaying, as an experienced affay cr is 
able to judge of the flnenefs of filver, with quite fufficient 
accuracy, by the eafe with which it is cut, the colour and 
grain of the frefh*cut furface, the malleability, the appear- 
ances on being heated red-hot, and other tokens. 

The proportion of alloy (if copper) to the filver being 
found with fufficient exa&nefs, that of the lead is thus 
ellimatcd. Copper, when taken by itfelf, requires from to 
to 14 times its weight of lead for complete fcorification on 
the cupel. But all admixtures of fine metal tend to prott& 
the copper from the action of the litharge, the more, in pro- 
portion to the quantity of fine metal. Thus, when one part 
of copper is mixed with three of filver, no lefs than 40 
parts of lead are required; and one part of copper with 
11 of filver require 72 parts of lead. It fhouid be ob- 
ftrved, however, that a confiderable difference in the refpe& 
ivc proportions of lead to copper is obferved by different 
affayers, though the general principle of incrcafing the lead 
in proportion to the quantity of fine metal is indi (putable. 

The following table will fhew fome of the proportions ufed 
in the French mint, as given by M. Tillet, and alfo others 
ufed by the German chemifh, as given by Gren : 

pper. ' Silver. Lead. 

1 with o requires 10. 

i —— T * T - - 17 Ger. 

I — rr *8 Fr. 

1 — — - i 20 Gen 

2 — — — i — 29 Fr. 
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1 
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4 
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7 
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7 2 Fr. 


— 
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96 Ger. 

I 

— 

23 

— 96 Fr. 

I 

— 

3° 

128 Ger. 


Cupellation of Gold. 

The procefs of cupellation is the fame for gold as for filver, 
the alloy, in both inilancep, being worked < ff by lead ; bur fe- 
vcral curious circumrtancea take place with mixtures of gold 
with other metals, which are not eafily explicable. When pure 
gold is mixed with lead and cupelled, the whole of the lead 
is not feparated, as it is with pure filver, but a fmall portion 
remains combined with the gold fufficient to impair its co- 
lour and du&ility. If, btfidts gold and lead, the mixture 
contains copper to the amount of of the gold, the whole 
of the lead will now be feparated in cupellation, but almofl; 
the whole of the copper will remain. If, in addition to the 
above ingredients, the alloy contains a fomewhat greater 
proportion of fiber than it does of copper, this latter is fepa- 
rated bv cupellation, but a little of the lead remains. But 
if the amount of filver equals or exceeds that of the gold, 
all the lead and copper are feparated, and only the gold 
and filver remain. 

As, therefore, the obje& of cupellation is to feparate the 
whole of the alloy of bafe metal, it is ncceffary, in allaying 
gold, to add fir (l a very confiderable quantity of filver, then 
to work off the copper, and other bafe metal, by lead on 
the cupel, and afterwards to feparate the gold and filver by 
the procefs of parting , as it is called, by means of nitric 
acid. 

The affay of gold, therefore, is more complicated than 
that of filver, and requires the intervention of this latter 
metal. The quantity of filver mud, as already men- 
tioned, be at leait equal to that of the gold, to enable the 
lead to extraft all the copper in cupellation ; but, in fad, 
the filver is generally three times as much as the gold, othtr- 
wife, though all the copper may be removed by a much 
lefs proportion, the fubfequent reparation of the filver from 
the gold by nitric acid cannot well take place. For it is 
found that, unlefs the filver be in this large quantity, the 
gold, which is not itfelf touched by the nitric acid, alfo 
protedts a portion of the fnver from the acid, and the fepa- 
ration is not complete. 

The cupellation of gold therefore is condu&ed in the fol- 
lowing manner : the quantity of copper or other alloy pre- 
sent, being firft efiimated as accurately as poffible in the 
way that will be’preftntly mentioned, as much fire filver is 
added to the mixture, as will make the gold only a fourth of 
the mafs when the bafe alloy ha6 been removed. If the gold 
is already alloyed with any filver, a proper allowance is of 
courfe made for the eftimated quantity. This propor- 
tioning of the filver ’to the gold, and melting them together, 
is called quartation, the gold being reduetd thereby to one- 
fourth of the mafs of noble metal. To the mixture the rc- 
quifite quantity 'of lead is then added (which is nearly the 
lame as m filver affay ing) and the cupellation is condu&ed 
exa&ly in the fame manner, only that a higher heat may be 
be given, as the filter in this mixture is not volatilized by a 
ftrong fire, as it is in mere filver affaying. The lightning 
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takes place here alfo when every particle of lead and other 
bafe metal is removed, and only the gold and filver are left 
on the cupel. 

The fepai-ation of thefe noble metals by nitric acid, and 
the exa& procefs of parting, will be dcfcribed under Gold. 
It may be juft mentioned, however, that the button is ftrft 
flattened, and then rolled out into a fmall coil, and then put 
into a glafs, and with boiling nitric acid, by which all the 
filver is cxtra&ed, and the gold alone is left behind in per- 
fe& purity. 

The quantity of alloy in any mixture of gold with other 
metals is cftimated previous to cupellation, partly by the 
general appearance (the nature of the alloy being known) 
and partly by the ufe of the touch-ftcne. In judging by 
the geitcral appearance atone much advantage may be de- 
rived from touch-needles, but the cafe is more complicated 
here than in filver aflaying, fince three metals at lead are con- 
cerned in gold aflaying, namely, gold, filver, and copper. 
Therefore if thefe needles are ufed, there mull be fcveral feta 
of them adapted to the nature of the alloy. 

The trial by the touchtlonc is another fimple and very 
ingenious method of forming fome eftimate o! the proportion 
of alloy in any gold mixture. .For this putpofe the piece of 
metal to be tried is rubbed hard upon a piece of bldck bafalt 
or black pottery, fo as to make a broad bright metallic ftreak 
by the abrafion of fome of the metal. This ftiews at once 
the true colour of the alloy, which may alfo be compared 
with anothet ftreak made by a touch-needle befide ir. A 
drop or two of nitric acid is then fpread upon the ftreak, 
and after remaining about ten feconds, it is wafhed off, and 
the cffe& obferved. If the ftreak preferves its golden co- 
lour unaltered, the metal is judged to have a certain degree 
of finenefs, as gold is infoluble in this acid ; if it looks red, 
dull, and coppery, it is lefs fine $ if the ftreak is almoft en- 
tirely effaced, the metal contains very little gold ; and thus 
by the afliftance of this acid, an experienced aflaycr will come 
at a fufficiently accurate knowledge of the quantity of alloy 
to guide him in the addition of lead and filver in the cupel- 
lation. It is found however that though pure nitric acid 
will readily difl'olve copper fingly, it will not a& fenfibly on 
this metal, when in mixture with twice its weight of gold, 
fo effeftually docs the gold proud the copper again ft this 
powerful acid. But if a fmall proportion ot muriatic acid is 
added, the copper will be diffolved when the gold is not more 
than three-fourths of the mixture, and thut the power of 
this teft is much extended. Vauqutlin, in his M Manuel de 
FEflayeur,” recommends for this purpofe an ictd compofcd 
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of 98 parts of nitric acid of 1.34 fp. g., 2 parts of muriatic 
acid of 1. 1 73 fp. gr., and 23 parts of water. This does 
indeed compofe a nitro-muriatic acid, which is the proper 
folvent for gold, but the gold on the touch-ftone is not in 
this cafe fenfibly a&cd on, owing to the ihortnefs of the 
application, and the very fmall proportion of muriatic 
acid. f 

Touching is alfo of great ufe in determining the value of 
wrought trinkets which cannot fpare fo much as 8 or xo 
grains fora regular affay. 

Cupellation of Alloys of Platlna . 

On account of the great fpecific gravity of platina, it was 
long apprehended that gold might be adulterated with it to 
a confiderable degree without being eafily detected, for as 
platina is equally unoxydable by air as gold and filver, it 
cannot be fcorified by lead on cupel, and being infoluble 
in nitric acid its reparation from gold is not readily cffe&ed. 
It is not difficult, however, to dcte& this metal when mixed 
with gold or filver even in very fmall proportion. 

Gold alloyed with fo little as one per cent . of platina and 
cupelled in the ufual way, with thrice its weight of filver, 
differs from gold and filver alone in requiring a much greater 
heat for cupellation and compleat fufion of the button; other- 
wife, when all ihe lead is worked off, the button remains 
flat, like a piece of money, and its furface knotty. Even 
when the button is well fufed its edges arc much thicktr, 
and rounder than in common gold affays, its colour duller, 
and efpecially it appears remarkably cryftallired on its fur- 
face. Alfo in cupellation, wlun the v aft portions of lead 
are worked off, the button appears pa^y. fcarctly iridefeent, 
and does not lighten, or become fuddcnly brilliant as filver 
and gold alone, or gold and filver do. 

Silver bears alloying with platina better than gold docs ; 
but this is never done fraudulently. When the platina does 
not exceed 5 per cent . of the filver, it works eafily on the 
cupel, but the lightning is lefs obfervabic than with pure filver, 
and, in particular, the property of cryftallizing is ftill more 
confpicuous. When the platina amounts to a quarter of the 
mixture, the button or cupel flattens, and becomes pafty 
even before all the lead is run off, and its furface fhoots up 
into knobs which, when feen by a magnifier, appear clutters 
of cryftallinc points. 

Some remarkable occurrences take place with the alloys 
of gold or filver with platina, when treated with nitric acid, 
which will be mentioned under that metal. 



Currying 


CURRYING i3 the art of drefling cow hides, calves- 
(kins, feal-lkins, &c. principally for (hoes \ and this is done 
cither upon the flclh or the grain. 

In drefling leather for (hoes on the flelh, the firft opera- 
tion is foaking the leather in water, until it be thoroughly 
wet; then the flefh-fidc is fhaved on a beam, about feven or 
eight inches broad, with a kmfc of a peculiar conftruftion, 
to a proper fubtlancc, according to the cuftom of the coun- 
try, and the ufes to which it is to be applied. This is one 
of the mod curious and laborious operations in the whole 
inyttery of currying. The knife ufed for this purpofe is of 
a re&angular form, with two handles, one at each end, and 
a double edge. They are manufa&ured at Circnccflcr, and 
compofed of iron and fteel ; the edge is given to them by 
rubbing them on a (1 it done of a (harp gritty fubftance, till »t 
comrs to a kind of wire ; this wire is taken off by a line done; 
and the edge is then turned to a kind of groove wire by a 
piece of dec 1, in form of a bodkin, which Heel is uftd to 
renew the edge in the operation. 

After the leather is properly fhaved, it is thrown into the 
water again, and fcoured upon a board or done commonly 
appropriated to that ufe. Scouring is performed by rub- 
bing the grain or bair-fide with a piece of pumice- done, or 
with fome other done of a good grit, not unlike in thicknefs 
and (hape to the (late with which fome houfes are covered. 
Thefe dones force out of the leather a white fort of fubftance 
called the bloom, produced by the oak-bark in tanning. 
The hide or (kin is then conveyed to the (hade or drying- 
place where the oily fubftances are applied, termed duffing 
or dubbing ; the oil ufed for this purpofe is prepared by the 
oilleathcrdreOers,by boiling (heep-fkins or doe-fkins in cod- 
oil. This is put on both Tides of the leather, but in a greater 
and thicker quantity on the fl-fh than on the grain or hair-fide* 

Thus we have purfued the currying of leather in its wet 
date, and through its firft dage, commonly called getting 
out. 

When it is thoroughly dry, an indrument with teeth on 
the under-fide, called a graining board, is fird applied to 
the flclh- fide, which is termed graining ; then to the grain- 
fide, called bruifing the whole of this operation is intended 
to foften the piece of leather to which it is applied. Whit- 


ening or paring fucceeds, which is performed with a line 
edge of the knife already deferibed, and ufed in taking off 
the greafe from the flelh. It is then boarded up or grain- 
ed again, by applying the graining board, tirft to the grain 
and then to the flclh. 

It is now fit for waxing, which begins with colouring. 
This is performed by rubbing with a brulh dipped in a com* 
polition of oil and lamp-black on the flelh, till it be tho- 
roughly black ; it is then fixed, called black fizing, with a 
brulh or fpunge, dried, tallowed with a woollen cloth ; and 
flicked upon the fleih with a broad fmooth piece of glafs, 
iized again with a fpunge ; and when dry this fort of lea- 
ther, called waxed or black on the flelh, is curried. 

Currying leather on the hair or grain- fide, termed black 
on the grain, is the fame in the firit operation with that 
dreft on the flelh, till it is fcoured. Then the tirft black is 
applied to it, while wet ; which black is a folution of cop- 
peras in fair water, or in the water in which the (kins, as 
they come from the tanner, have been foaked ; this is firft put 
upon the grain, after it has been rubbed with a (lone 5 then 
rubbed over with a brulh dipped in ftale urine ; flicked 
out with an iron flicker, in cider to make the grain come out 
as fine as polfible ; and then (luffed, in the manner already 
deferibed among the firft operations ot currying ; and whtn 
dry it is feafoned, u e . rubbed over with a brufh dipped in 
copperas water on the grain, till it be perfedly black ; then 
fl'cked with a (lone of a good grit, to take out the wrinkles 
and coarfr grain as much as polfible : after this the graiu is 
raifed with a fine graining board, by turning the (kin or 
puce of leather in various directions ; and when a little dried, 
it is bruifed in order to foften it. When it is thoroughly 
dry it is whitened, bruifed again, and grained in two or 
three different ways ; and when oiled upon the grain with * 
mixture of oil and tallow, it is finiihed. 

Bull and cow-hides are fometimes curried for the ufe of 
fadlcrs and collar-makers; but the principal operations are 
much the faun: as thefe we have already deferibed. It (hould, 
however, be obferved, that only a fmall portion of flclh ia 
taken from hides dtfigned for thefe purpofes. Hides for 
the roofs of coaches, &c. are (haved nearly as thin as (hoe* 
hid*.?, and blacked on the grain. 




CUTLERY. Under thin head we rti|H comprifc the 
articles knives, forks, razors, and feiffors. They are all 
either made of Heel or of iron, with fled to form the 
edge. 

Three kinds of Heel are made ufe of in thp manufafture 
of different articles of cutlery, viz. comm fteel, fhear- 
fteel, and caft-fteel ; thefe different kinds arp made from 
what is termed bliftered fteel, which has hitherto been 
obtained of good quality only from certain hinds of bar 
iron brought From Sweden and Ruflia. 

The bar iron is ftratilied with powdered charcoal in a 
furnace termed a converting furnace, within a recefs termed 
a pot, from 7 to 14 feet long, 3 feet broad, and z\ feet 
deep, the whole covered clofe up with a mixture of clay 
and fand, fo as to prevent the accefs of atmofpheric air. 
A ftrong heat is applied for about 8 days ; as foon as the 
pot is cooled, which is in about 8 days more, the bars are 
taken out, and the iron is found to be converted into fteel ; 
it always appears bliftered upon the furface, and hence is 
termed bliftered fteeL When thefe bars are taken to the 
tilt, and drawn into rods of various dimenlions, it is called 
common fteel. All the cheaper cutlery are made of this 
fteel, and alfo all kinds of fork*. 

When a number of bars of bliftered fteel are laid toge- 
ther, heated to a welding heat in a forge furnace, and drawn 
down into bars under a forge hammer, they conftitute what 
is termed fhear fteel. It has received this name from its 
being made ufe of to make wool fhears. It is alfo termed 
Newcallle fteel, from having been firft made at that 
place. 


Shear fteel is exceedingly kind and tough. All the 
edge tools which require great tenacity without great 
hardnefs, are made ot it, Inch as table-knives, feythes, 
plane-irons, See. It is alfo freer from flaws, on account of 
the welding heat which has been given to it. 

Caft-fteel is formed by melting bliftered fteel in covered 
crucibles, and pouring it into caft-iron moulds, fo as to 
form it into ingots : thefe ingots are then taken to the tilt 
and drawn into rods of fuitable uimenfions. No other 
than caft-fteel can affumea fine polilh, and hence all the finer 
articles of cutlery are made of it, fucli as the fineft feiffom, 
pen-knives, razors, &c, 

Formerly caft-ftecl could only be worked at a very low 
heat ; it can now be made fo loft as to be welded to iron 
with the greateft cafe. Its ufe is confequently ex- 
tended to making very fuperior kinds of chiffels, plane- 
irons, See. 

Forging of Table Knives . 

Two men arc generally employed in the forging of table 
knives, one called the foreman or maker, and the other the 
ftriker. 

The fteel called common fteel is employed in making 
the very common articles 5 but for the greateft part of table 
knives which require a furface free from flaws, (heardled 
is generally preferred. That part of the knife termed the 
blade, is nrtt rudely formed and cut off. It is next welded 
to a rod of iron about { inch fquare, in fuch a manner as 
to leave as little of the iron part of the blade expofed as 
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poflible. A fufficicnt quantity of the iron now attached 
to the blade, is taken i Ax from the rod to form the bolder, 
or (boulder and the tang. 

In order to make the holder of a given fize, and to give 
it at the fame time fliape and neatnefs, it is introduced 
into a die, and a fwagc placed upon it ; the fwage has a few 
fmart blows given it by the (Inker. This die and fwage are 
by the workmen called prints. 

After the tungs and bolder are finifhed, the blade is 
heated a fccond tunc, and the foreman gives it its proper 
anvil finifh ; this operation is termed fmithing. The blade 
is now heated red-hot and plunged perpendicularly into 
cold water. By this means it becomes hardened. Being 
thus hardened, it requires to be tempered regularly down 
to a blue colour : in this date it is ready for the grinder. 
Forks are generally a diftinft branch of manufacture from 
that of knives, and are purchafed of the fork makers 
by the manufacturers of table knives, in a Hate fit for 
receiving the handles. 

The rods of Heel from which the forks are made, are 
about -jths of an inch fquare. The tang and (hank of the 
fork arc firft roughly formed. The fork is then cut off, 
leaving at one end about i inch of the fquare part of the fteel. 
This part is afterwards drawn out flat to about the length of 
the prongs. The (hank and tang arc then heated, and a 
proper form given to them by means of a die and fwage. 
The prongs are afterwards formed at one blow by means 
of the (lamp ; this machine is very fimilar to that ufed in 
driving piles, but it is worked by one man. It confills 
of a large anvil fixed in a block of (lone nearly on a level 
with the ground. To this anvil are attached two rods of 
iron of confiderable thicknefs fixed 12 inches afunder, 
perpendicularly to the anvil, and diagonally to each other. 
Thefe are fattened to the ceiling. The hammer or (lamp, 
about 100 lbs. in weight, having a groove on either fide cor- 
refponding to the angles of the upright rods, is made to 
Aide freely through its limited range, being condu&ed by 
its two iron fupporters. A rope is attached to the hammer 
which goes over a pulley on the floor of the room above, 
and comes down to the perfon who works the (lamp : two 
correfponding dies are attached, one to the hammer, and 
the other to the anvil. That part of the fork intended to 
fonn the prongs, is heated to a pretty white heat and 
placed in the lower die, and the hammer containing the 
other die, is made to fall upon it from an height of about 
7 or 8 feet. This forms the prongs and the middle part of 
the fork, leaving a very thin lubftance of fteel between each 
prong, which is afterwards cut out with an appropriate 
lnftrument called a flie-prefs. The forks are now annealed 
by furrounding a large mafs of them with hot coals, fo that 
the whole (hall become red-hot. The fire is differed gra- 
dually to die out, and the forks to cool without being dii- 
turbed. This procefs is intended to foften, and by that 
means to prepare them for filing. The infide of the prongs 
are then filed, after which they are bent into their proper 
form and hardened. When hardened, which is effected by 
heating them red-hot and plunging them into cold water, 
they are tempered by expofing them to the degree of heat 
at which greafe inflames. 

Penknives are generally forged by a Angle hand with 
the hammer and the anvil (imply. The hammer in this 
trade is generally light, not exceeding $1 lbs. The breadth 
of the face, or the striking part, is aboutone inch, if broader 
it would not be convenient for ftriking fo fmall an object. 
The principal anvil is about 5 inches, and 10 upon the 
face, and is provided with a groove into which a fmaller 
an ril is wedged# The fmaller anvil is about % inches fquare 


upon the face. The blade of the knife is firft drawn out 
at the end of the rod of fteel, and as much more is cut off 
along with it as is thought neceffary to form the joint. 
The blade is then taken m a pair of tongs, and heated a 
fccond time to finifh the joint part, and at the fame time to 
form a temporary tang for the purpofe of driving into a 
fmall haft 11 led by the grinder. Another heat is taken to 
give the blade a proper finifh. The fmall recefs cal ed the 
nail hold, ufed in opening the knife, is made while it is 
ftill hot by means of a chiffel, which is round on one fide, 
and flat on the other. 

Penknives are hardened by heating the blade red-hot and 
dipping them in water up to the (houlder. They are 
tempered by laying them fide by fide, with the back down- 
wards upon a flat iron plate laid upon the fire where they are 
allowed to remain till they are of a brown or purple colour. 

The blades of pocket knives, and all that come under the 
denomination of fpring knives, are made in the fame way. 

The forging of razors is performed by a foreman and 
flriker as in making table knives. 

They are generally made of cnft-ftecl. The rods as they 
come from the tilt are about * inch broad, and of a thick- 
nefs fufficient for the back of the razor. 

There is nothing peculiar in the tools made ufe of in forg- 
ing razors: the anvil is a little rounded at the (ides which 
affords the opportunity of making the edge thinner, and 
faves an immenfe labour to the grinder. 

Razors are hardened and tempered in a fimilar manner to 
penknives. They are however left harder, being only let 
down to yellow or brown colour 

The forging of feiifors is wholly performed by the ham* 
mer, and all the (izes are made by a fingle hand. The 
anvil of the feiflbr-maker weighs about 1 £ cwt. ; it mea- 
sures on the face about 4 by 1 1 inches. It is provided 
with two gates or grooves for the reception of various little 
indented tools termed by the workmen bodes; one of thefe 
boffes is employed to give proper figure to the (hank of the 
fciflbrs ; another for forming that part which has to make 
the joint ; and a third is made ufe of for giving a proper 
figure to the upper fide of the blade. There is alfo another 
anvil placed on the fame block containing two or three tools 
called beak irons, each confiding of an upright ftem about 
6 inches high, at the top of which projects a horizontal beak; 
one of thele beaks is conical, and is ufed for extending the 
bow of the fciflbrs, the other is a fegment of a cylinder with 
the round fide upwards containing a recefs for giving a pro- 
per (hape and fmoothnefs to the mfide of the bow. 

The (hank of the fciflbrs is firft formed by means of one 
of the bofles, above deferibed, leaving as much fteel at the 
end as will form the blade. A hole is then punched about 
a J inch in width a little above the (hank. The blade is 
drawn out and finiflied, and the fciflbrs feparated from the rod 
a little above the hole. It is heated a third time, and th# 
fmall hole above mentioned is extended upon the beak- irons 
fo as to form the bow. This finifltes the forging of feiftbrs. 
They are promifeuoufly made in this way without any other 
guide than the eye, having no regard to their being in pairs. 
They are next annealed (for the puipofe of filing Rich parts 
of them as cannot be ground) and afterwards paired. 

The very large feiuors are made partly of iron, the blades 
being of fteel. 

After the forging, the bow and joints, and fuch (hanks as 
cannot be ground, are filed. The rivet hole is then bored, 
through which they are to be fere wed or riveted together. 
The common kind of fciflbrs are only hardened up to the 
joint* They are tempered down to a purple or blue colour. 
In this ftate they arc taken to the grinder. 
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Grinding and lolijhing of Cutlery , 

The various process which come under this denomina- 
tion are performed by machinery, moving in general by the 
power of the deam engine or a water wheel. 

Grinding wheels or grinding mills are divided into a num- 
ber of feparate rooms j every room contains fix places called 
troughs ; each trough confids of a convenience for running 
a grindftone and a poliflier at the fame time, which is gene- 
rally occupied by a man and a boy. 

Two of the above troughs are reprefented in Plate I. Cut> 
levy : A is a wooden wheel, called a drum, the axis of which 
runs through the whole length of the room. On the fzime axis 
are placed three other drums, one of the fame length with 
the above, and two of half the length. Each of the large 
drums carries four (traps, which give motion to the two 
ft ones c , r, and to the polifliers b and e 9 by palling round their 
rcfpeCtive pullies g 9 g*gtg * d 9 d 9 d, d 9 are the places where 
the workmen fit, and as he fits aftride for the purpofe of 
leaning over the (lone, the feat is termed a horfe. 

The buiinefs of the grinder is generally divided into 
three ftages, viz. grinding, glazing, and polifliing. 

The grinding is performed upon dories of various qua- 
lities and fixes, depending on the articles to be ground. 
Thofe expofing much flat furfacc, fuch as laws, fenders, 
&c. require (tones of great diameter, while razors whofe 
furface is concave, require to be ground upon (tones of very 
imall dimenfions. Thofe articles which require a certain 
temper, which is the cafe with mod cutting iiiflruments, 
are moftly ground on a wet (tone ; for which purpofe 
the (lone hangs within the iron trough H, filled with water 
to fucli a height that its furface may juft touch the face of 
the (tone. 

In the manufactories of Sheffield not lefs than five 
various qualities of (lone are employed. The mod va- 
luable of the five is termed the Wickerfley done, from its 
being brought from a village of that name, about nine 
miles call of Sheffield. 

It is of the fandftone kind, rather firmly indurated, of 
a compaCt texture. It appears to confift of very hard fi- 
licious particles cemented together with a fofter medium. 
Both in the wet and dry (late, it cuts with great facility, 
and is particularly adapted for grinding razors, penknives, 
table knives, and the infide of the blade of feiflbrs. 

Another very ufeful ftone is termed the whitening (tone. 
It is of a blueifti white colour, exceeding the Wickerf- 
ley done in hardnefs, in firmnefs, and in elofenefs of tex- 
ture. It is particularly employed for grinding the out- 
fide of the blade of feifiors, and other articles requiring 
great fmoothnefs and neatnefs of fhape. 

Folks, and the (hanks of fome feiffors, are ground upon 
a dry done, termed the fork-done. It is a very (harp grit 
done of a wliitifh colour, very fimilar to that of which mill- 
dones are formed. The (tones employed for grinding 
faws and files are of a fimilar quality with the fork-done, 
of a yellow i(h grey colour. 

It is neceffary that the (tones move with a certain ve- 
locity, in order to produce a maximum of edcCt. 

If the velocity be too great, two evils are generally to 
be expeCtcd : the fird (which is mod to be dreaded) is 
the breaking of the done, the fecond is the done aimed 
ceafing to cut ; this is alfo the cafe with drills, files, and 
other fimilar indruments 5 if they move too rapidly over 
the furfacc they are cutting, they generate much heat, 
but do not cut 10 well. 

The furfaees of all dones are contrived to move with 
about the fame velocity. This is effe&ed by means of 
different fixed pulleys. The drums above deferibed are 


four feet in diameter, ar.d make from 120 to 140 re- 
volutions in a minute, and the pulley on the axis of the 
done mud be of fuch diameter as to caufe the furface 
of the done to move at the rate of from 600 to 700 
feet per fecond. 

We cannot wonder at the dreadful effeCts of the breaking 
of a done when we confider the great velocity with which 
they move. The horfe or feat of the workman projects 
over the centre of the done, and is fecured to a beam 
of wood on a level with the ground by means of a drong 
chain. This in fome meafure fccures the workman from 
thofe pieces of the done, which might be projected up- 
wards againd the under fide of the horfe. But as it is 
quite uncertain what direction the fraCtured parts may 
take, the above contrivance is only a partial defence 
againd thefe (hocking accidents. It fometimes happens 
that the chain is broken, and the man and horfe together 
projected to a confiderable di dance. 

Means have been recently adopted by fome of the 
grinders to prevent, in a great meafure, the breaking of 
(tones, which confift in a different method of faftening 
the (tones upon the axis. The old method confifts in 
wedging on the ftone by means of wooden wedges. The 
improved method is to fecure the Hones to the axis by 
means of two circular plates, which are ferewed firmly 
again ft the Tides of the ftone. By this means the parts 
of the ftone are kept together. On the contrary, when 
the wedges are employed, a force is conftantly exerted 
to break the ftone ; this effeCt is incr*afed when the Hones 
are ufed wet, from the circumftance of the wood absorb- 
ing moifture. 

Glazing is a procefs following that of grinding : it con- 
fifls in giving that degree of luftre and fmoothnefs to an 
article which can be effected by means of emery of the 
various degrees of finenefs. The tool on which the 
glazing is performed, is termed a glazer. It confifts of 
a circular piece of wood, formed of a number of pieces 
in fuch a manner that its edge or face may always prt« 
fent the endway of the wood. Were it made otuerwift- 
thc contraction of the parts ivould deftroy its circular 
figure. It is fixed upon an iron axis fimilar to that of 
the ftone : fome glazers are covered on the face vvitli 
leather, others with metal confiding of an alloy of lead 
and tin the latter are termed caps. In others the wooden 
furface above is made ufe of. Some of the leather-faced 
glazers, fuch as are ufed for forks, table knives, edge 
tools, and all the coarfer poliihed articles, are firlt coated 
with a folution of glue and then covered with emery. 
The furfaees of the others are prepared for ufe by fird 
turning the face very true, then filling it with fmall notches 
by means of a (harp-ended hammer, and laftly filling up the 
interftices with a compound of tallow and emery. 

The pulley of the glazer is fo much lefs than that of the 
done, that its velocity is more than double, being in general 
at the furface that of 1500 feet in a fecond. The glazer 
and its pulley are feen at e and b. 

The procefs of polifhing, confids in giving the moft 
perfeCt polifh to the different articles. Nothing is fub- 
jeCted to this operation but what is made of caft-(teel» 
and has been previoufly hardened and tempered. 

The poliflier confids of a circular piece of wood covered 
with buff leather, the furface of which is covered from 
time to time, while in ufe, with the crocus of iron, called 
alfo co-leather of vitriol. 

The poliflier requires to run at a fpeed much (hort of 
that of the done, or the glazer. Whatever may be its 
diameter, the furface mud not move at a rate exceeding 
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70 or 8o feet in a fecond. This diminilhed velocity is 
etfeflcd by caufmg its drop to pafs over the rounded 
part of the axis of the drum as (hewn at B. 

Grinding of Table Knives . 

The ftones made ufe of are from 35 to 45 inches in dia- 
meter, and about fix inches broad upon the face. This 
flone is a fpecie3 of fand (lone, before termed the Wickerf- 
)cy (lone. It is firft turned, or railed exceedingly true, 
and then notched upon the face with a (harp-edged tool to 
make it cut fafter. This fpecies of itone cuts aftoni(hingly 
fall, and has the peculiar property of not heating to a 
great degree any fubftance ground upon it. It is valuable 
on that account for grinding thofe articles which have been 
previoufly hardened. Table knives are ground firft upon 
this (lone, and afterwards upon one of finer texture, called 
the whitening (lone. This prepares them for the glazing. 
The glazer is about 20 inches diameter and 5 inches broad, 
covered on the face with thick leather. This leather is 
thinly coated with glue, and is rolled in a quantity of 
emery. As foon as the glue is fet the glazer is fit for ufe. 
It runs upon an iron axis, in the fame manner as the done. 
The bolder of the knife, when plane, is alfo ground and 
glazed in a fimilar way. 

Forks . 

The done on which forks are ground are from 18 to 24 
inches in diameter and about 2 J inches broad. It is a very 
lharp grit, fomething harder than that lad mentioned. The 
face of the done is a little rounded, for the purpofe of 
meeting hollow parts, which arc obferved in all forks. The 
grinder holds the fork croflwife on the done, and very dex- 
teroufly gives it a kind of circular motion ; b'y this means 
he makes the (hank very round. The (hank and neck of 
the prongs are ground upon this done. The done being 
dry, a profufion of fparks is given out, and the fork be- 
comes heated with the great fri&ion, till it is blue. The 
prongs are afterwards ground upon a wet done, from 14 to 
18 inches diameter and about 7 inches broad. The (hank 
and neck of the prongs are finiflied upon a glazer of a fimi- 
lar (hape to that of the done on which they are ground; 
this glazer is of wood covered with leather, and prepared 
upon the furface with glue and emery, in the fame manner 
bb that for table knives. The prongs are finiflied upon a 

g lazer of the fame materials, but flat upon the face, about 
inches both in diameter and breadth. The infides of the 
prongs are drefled by means of thin leather drape about 2 
inches broad and 1 8 inches long ; they are flrtl coated with glue 
and then covered over with emery : as foon as the glue is 
fet the drop is introduced between the prongs of the fork, 
and is drawn backwards and forwards till the part becomes 
fufficiently clean. 

Grinding of Penknives . 

The flone made ufe of for penknives is the Wickerflcy 
done, about 16 or 18 inches in diameter when new, and is 
worn down to about 9 or 10 inches ; the breadth is about 
4} or 5 inches. This done, as has been before obferved, 
having fo little tendency to heat the fubftances ground upon 
it, is generally made ufe of dry for grinding penknives. 
There are fevcral advantages in grinding upon the dry done. 
It does not wear fo fad. The edges of the done are kept 
fliarper and the furface evencr 5 but the great advantage w, 
that the done cuts much fader. When the furface of a 
dry done becomes clogged with the particles of deel ad- 
htriog to it, a piece of Toft iron is always at hand, which 
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being rubbed over it foon clears it of its incumbrance, nn4 
a freflt cutting furface is prefented. 

All the finer penknives, after being ground the firft time, 
go back to be handled or' hafted. The handles are wrapped 
in paper to keep them from being foiled, and the knives 
thus hafted are again returned to the grinder. The blades 
are all (lightly ground over again upon a done kept for the 
purpofe of one determinate lize. The flat parts of the 
blade are next glazed upon a glazer or lap made of lead, 
and for common articles of wood. After the lap is 
turned perfedly true, and a number of notches are made in 
the face ; the furface is rubbed over with emery and greafe. 
If it is found to cut too keen it is (hghtly rubbed over 
with bees wax. This procefs would fiui(h the common fort 
of knives, but the finer blades are afterwards poli(hed upon 
the poliflier already deferibed. 

Grinding of Razors . 

Razors are generally ground upon the ftones which are 
laid afide by the grinders of penknives and feiflbrs.. They 
take them whed about the diameter of 8 inches, aud wear 
them down to 4 or 5 inches. Thefe fmall ftones are highly 
proper for razors, in order to give to the blade a requifite 
degree of concavity and correfponding thinnefs to the edge. 
The razors are next glazed upon laps of metal, of a fize 
correfponding with the fize of the (lone, and afterwards 
polilhed upon a polifher of wood covered with leather, firm- 
jar to thole ufed for penknives. The procefs of policing, 
indeed, is always pei formed on the fame kind of tool, dif- 
fering only in fize. 

Grinding of . Seif or s. 

The ftones made ufe of by the feiflor-grinder are of two 
kinds; the one of the fame fize and quality with that ufed 
for penknives, and the other of the lame nature with that 
ufed in the grinding of table-knives, and which the workmen 
term a whitening done. The firft is employed to grind 
the infide of the blades, and the latter for grinding the 
outfide. Sciflbrs, the blades of which alone are hardened, 
arc never fent to the grinder before they are hardened and 
tempered. After the blades of the fciflors are ground they 
arc returned to the maker, and are fitted and ferewed toge- 
ther, and properly adjulled for cutting. This being done, 
they are taken to pieces and returned to the grinder. The 
feiflbrs being (lightly ground over again are finiflied upon 
their appropriate glazer. The infides of the blades, and 
all the other parts which are not rounded, are glazed upon 
a glazer of metal, of a fize correfponding to the done on 
which they were ground ; for the inferior articles the glazer 
is of wood. 

When the (hanks of feiflbrs are fufficirntly plane to ad- 
mit of grinding, they are fent to the (hank-grinder, a work- 
man fulcly employed in grinding the (hanks and in dreffing 
thofe parts of the feiflbrs which have been filed, and which 
cannot be touched by the glazer. 

The ftiank^ of larger and commoner forts of feiflbrs are 
■groijnd upon a done fimilar to that ufed for grinding the 
(hanks of forks, but the finer kinds are ground upon the 
Wickerfley done already deferibed. Being ground, they are 

J lazed upon a glazer of wood faced with learner, of the fame 
ze and (hape with the (hank of the feifibr. The remain- 
ing parts of the feiflbrs, which have been only filed and 
rubbed with fand but are dill deftitutc of polilh, are £• 
nifhed by bruftiing. 

The bru(h is an indrument confiding of a circular piece 
of wood fet upon the fact with very hard bridles. Two 
bruihei are generally employed in fucceffion. The firft 
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is made life of with greafe and emery, which gives a 
coarfer fort of polifh. The fecond is ufed with crocus 
and water to give the proper finifh to the furface. If the 
blades of the fciffors are required to be polifhed, which is 
frequently the cafe, they are again fent to the firft grinder, 
who polifhes them upon a polifher fimilar to thofe deferibed 
for razors and penknives. It will be here proper to remark 
that the (hanks of the above kinds of fciffors, being foft, 
cannot affume the polifh with crocus, as nothing but caft- 
fteel in the hardened (late is fufceptiblc of that peculiar 
luftre. An imitation of polifhing is, however, given to 
the foft (hanks by means of a burnifher of polifhed hardened 
fleel. 

The more delicate and finer forts of fciffors, in order to 
render all the parts fufceptible of polifhing, are hardened 
quite up to the bow, in confequence of which the order of 
manufacturing is a little varied, from that of the fciffors 
having foft (hanks. After being forged, filed, and having 
the hole drilled for the ferew, the infides of the blades are 
round, and they are fitted and ferewed together. They 
ave next to be hardcued and tempered, and as it is a com- 
mon property of Heel to warp during that procefs, the 
two fides of the fciffors are firmly bound together by means 
of iron wire. The ferew being withdrawn, which would 
be liable to be hardened along with the fciffors, they are 
heated red-hot all over, and immerfed in water up to the 
bow. 

After being thus hardened they are heated, for the pur- 
pofe of tempering them till the blades appear of a purple 
and the (hanks of a blue colour. The wire is then taken 
off, and the fciffors are finifhed by proceffes fimilar to 
thofe above deferibed, with the difference of the (hank be- 
ing polifhed with crocus along with V t blades. After 
the fciffors return the laft time from the grinder they only 
require to be fharpened, wiped clean and (crewed together. 
Previous to wiping, however, they are gentrally put into 
pulverized quick-lime, which greatly tends to the preferva- 
tion of their luftre by abforbing the moifture from the fur- 
face ; the prefence of which is well known to facilitate the 
rutting of polifhed fteel. 

Some of the very fine fciffors are elegantly and varioufly 
ornamented. Formerly they ufed to be ornamented with 
duds of gold or polifhed fteel, arranged round the joint of 
the feiffor or along the (hank. 

The fluds are each furnifhed with a fmall tang, by which 
they are inferted into fmall holes made in the fciffors. The 
holes are made while the fciffors are foft, and the ftuds are 
inferted after the fciffors are poliihed. 

More recently the fame parts are inlaid with circular bits 
of gold, which are polifhed along with the fciffors and af- 
terwards ornamented on the furface by engraving. Sciffors 
are alfo ornamented by means of gilding, blueing, and etch- 
ing. The gilding is performed in two ways ; the firft by 
dipping the finimed article into a foiulion of muriate of 
gold in alcohol ; the fecond with metallic gold laid on by 
means of heat. The firft kind of gilding has been reie&ed 
on account of its want of permanency. The fecond, though 
very durable, is obje&ionable on account of the heat em- 
ployed in the procefs, which is fo great as to make the 
fciffors too foft. 

Various devices, fuch as letters, coats of arms, &c. are 
fomctimes put upon fciffors, but more frequently upon ra- 
zors and fwords.. by means of etching. The figures are 
drawn upon the polifhed furface with a varnifh, trade by 
diffoiving refin in oil of turpentine. Every other pa t of 
the articles is covered with the fame varnifh, excepting what 
is to form the ground of the picture. The expoftd part 
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is then covered with dilute nitric acid, which is fuffered to 
remain upon it till it is fuppofed to be fufficiently corroded. 
It is then rinfed in water to take away the acid, and the 
varnifh is removed by means of oil of turpentine. The 
ground of the pi&ure appears of a dead white, while the 
ngure, and other parts of the article, difplay their original 
polifh. 

Cutlery made of Pig-Iron, 

Great quantities of various kinds of cutlery have been 
made of pig-iron, by means of catting, paiticularly forks 
and fciffors. The models are made of lead, alloyed with a 
little antimony. The articles are caft in fand, in flaflcs fi- 
milar to thofe ufed in catting fmall articles of brafs. The 
metal employed is of that fort of pig-metal known by the 
name of N° i, from the large quantity of carbon contained 
in it. It fufts at a lower temperature, and becoming more 
liquid on that account, it is the only kind which can be ufed 
for fmall articles. 

The metal is fufed in crucibles of Stourbridge clay, in the 
common air furnace employed in iron founderies. The ar- 
ticles, when caft, are almott as brittle as glafs. This, in a 
great meafure, is occafioncd by the moifture in the fand, 
which effe&B this change upon the metal in a manner fimilar 
to that by which fteel becomes hardened. In order to ob- 
viate this hardnef8, the callings are cemented with afhes or 
fand, for the purpofe of annealing them. Caft-iron pots of 
a cylindrical fhape are employed for this purpofe. They 
are about 12 inches diameter, and about the fame depth. 
A number of thefe pots are filled nearly to the top with the 
goods to be annealed : a quantity of fine fand or afhes is 
then employed to fill up the interftices, and to cover them 
completely, fo as to exclude the air. The pots are placed 
in a furnace, and are furrounded with fmall coaks, for the 
fake of carrying on flow combuftion. They are heated very 
gradually to a temperature little fhort of fufion, and they 
are as gradually allowed to cool. The whole time occupied 
in heating and cooling is from 24 to 30 hours. They are 
found, after this procefs, to ha v e become very foft, and to 
be capable of bending a little without breaking. They af- 
terwards are finifhed in a manner fimilar to thofe which are 
forged, with the exception that they are not hardened and 
tempered : were they fubieft to that procefs, they would re- 
turn to the fame ftate as before annealing. 

Notwithftanding the great demand which has been for 
caft cutlery, on account of tbeir very low price, they arc fo 
completely deftitute of utility, that ultimately they cannot 
fail to difgrace both the merchant and manufa&urer. If a 
preference can be given to any of them, it is in favour of 
the fciffors. The knives and forks are net only liable to 
break, but they foon turn black, and can be very little im- 
proved by the common mode of cleaning, as by the belt 
means they are only fufceptible of a miferable polifh. 

Various attempts have been made with a view to improve 
the caft cutlery, the moft fucctfsful of which is by Mr. 
Lucas of Sheffield ; and for h ; s method he fome time ago 
obtained a patent. By Mr. Lucas's procefs, the caft metal 
articles are converted from their brittle and crude ftate into 
malleable iron or fteel at pleafure, without injuring the fur- 
face, or diftorting the figure of the article. Nails of various 
kinds have been made in this way, more flexible and equally 
tenacious with thofe of wrought iron. This method confifts 
in ftrati'ying the articles, in pots fimilar to thofe employed 
for a- ncalin.*, with an oxyd of iron. Calcined iroo>ftone 

f mlurized was firft made ufc of, but was found to make the 
urfact of the r* ctal fo rough as to render thofe articles ufeltfs. 
This inconvenience was in fome meafure obviated by laying 



226 


CUTLERY 


a thinitraium of (and between the metal and oxyd of iron. 
Any fort of earth, containing a portion of the oxyd of iron, 
in capable of bringing about this change. The red fand 
which abounds in fome countries, or loam, or clay, con- 
taining oxyd of iron, would anfwer very well. The theory 
of this procefs is obvious. The caft-iron confiftb of iron 
and charcoal, or carbon ; and it is to the prefence of the 
carbon that we attribute the peculiar qualities of cafl-iron 
different from thofe of a malleable iron and fteel. The oxyd 
of iron, with which the caft-iron articles are ftratified, con- 
fifti of iron combined with oxygen, Dining the procefs of 
cementation, the oxygen of the oxyd combines with the car- 
bon of the call iron, forming carbonic acid, which is difli- 
pated in the form of air. For the particulars of the procefs, 
fee the articles Iron and Steel. 

Specimens of feiffors, table knives and forks, and even pen- 
knives, have been made fo complete by the above proods, that 
the bed judges could not didinguifh them from thofe made of 
the bed deck An infurmountable objeftion, however, dill 
remains, which will preclude the application of this im- 
portant difeovery in the manufacture of thofe articles which 
require a fine edge, and every other article which requires to 
be hardened and tempered 

This metal, previous to hardening and tempering, is 
equally tough with the bed fteel or iron, but afterwards 
becomes very brittle, at lead much more fo than we fhould 
expeft from fteel fo apparently good. The reafon of tins 
will be explained under Iron and Steel. 

Handling of Table Knives . 

The handles of table knives are made of ivory, bone, 
horn, and wood. They are formed in two different ways ; 
one, by drilling a hole into the handle, and cementing into 
it the tang of the knife. This kmd is by the manufacturers 
termed round tangs. The other kind of handle confifts of 
two iidcs, which, when laid on each fide of the tang, and 
paired together, form the handle. The two fides are termed 
(calcs, and knives of this kind are called fcale tangs. 

lion handles are the moll valuable, and in the greatril 
repute. The greateft part of them is made f>r the round 
tangs. Thdc are of various patterns, fuch as o&agon, oval, 
and fluted. The octagon and oval handles arc (lied into t l e 
intended form, and afterwards rubbed firft with fine fand 
.»ad water, and afterwards with powdered chalk and water. 
The fluting of the handles is performed by means of a (harp 
tool of the feraping kind, having the figure of the flutes 
upon its face. 

The tangs arc cemented into the handles with rofin mixed 
with whitening. 

A very convenient and durable handle is made of flag 
horn. The round paits of the horu which are of proper 
thicknefs arc felcfclcd for the round tangs. The outfides of 
the other parts of the horn are cut into feales, which make 
the leak tanged handles. The furfaces of the ftag-horn 
handles are invariably left in their natural flare. 

The fmall end of the ox-horn, termed the tip, is gene- 
rally employed for making the handles of table knives 
The tips are formed into hafts of a great variety of patterns, 
by means of prefling between two dies. This advantage is 
obtained from the well known property of horn being fo 
(oft and du6tile when hot, as to admit of confiderable ex- 
ten lion. The dies employed for prefling the horn are 
represented in Jig. 2. A and B, the upper and lower 
dies* are made to form the bits of a pair of tangs, on the 
even faces of which the exa£t figure of the handles is formed, 
as repnefented in the figure. 

The pieces of horn intended to be preffed art firft fattened 


in hot water, and then cut to the fixe deemed reqnifite ex- 
actly to fill the mould. The dies are heated tb the tem- 
perature of about 400° Fahrenheit, or fomething (hort of 
the heat required to burn oil. The horn, with a little oil, 
is then laid between the dies, which are placed in the prtff* 
ing vice, fig. 3, confiding of a compound lever, a&ing with 
a ferew at A, and turning round the handle B, fnnilar to 
the common vice. The force required to be given at the 
handle is not more than what a man may perform with eafe. 
The motion being now reverfed, the tangs are withdrawn, 
and the horn is found to have received the full imprefiion of 
the die. 

If the handles are plain, and the horn be native black, 
the firft preffing is fufficient 5 if, however, they are not fuf- 
ficientiy black, they a:e dyed after the firft prefling in a 
quid, containing logwood and v'en vitriol. The procefs 
of dyeing take.* oft that fmooth g’.offjr furface given by the 
dies, which is rritored by prilling them a fecond time in 
dies a little ltfs than thofe employed for the firft preflin?. 
If the handles require to be flu'ed, or olherwife orr.arneMcd, 
they are prefled a fecoad time in dies containing the intended 
figure. 

The above handles, after they come from the prefs, re- 
quire only to have blades i»fert*d, and to be polifced by- 
means of rotten ftone or chalk aucl oil. 

The handles of bone are made from the (hank of the ox. 
The thicknefs of the folid parts of the bore is never ir.lli-- 
cient to make the handles equally thick with thofe of ivory. 
Some of the bones are very deiife and hard, but can always 
be diftirguiftied from ivory by the colour. Such handles, 
in order to correct their defeat in colour, are dyed green in 
liquid, confifling of the oxyd of copper diffolved in aqua 
ammonia. The hartfhern of the (hops, being the cheaprit 
preparation of ammonia, is always uled. The proport 
are about feven ounces of the oxyd of copper to one gallon 
of hartlhor.n. 

After dyeing, the blades are cemented into the handles, 
which are afterwards poltlhed. When the dye does not 
contain any fubftance capable of riftling the biade, the 
handles are dyed after the blades aie mferted. 

Various kinds of wood aie err, ployed in making the 
handles of table knives. The vt ry common articles have 
handles of birch wood, which are expeditioufiy made by 
bring turned in an oval lathe. They are afterwaids dyed 
Hack or red. After this they only require the blades to be 
put into them, and to be burniflud with a fmooih ftone, 
termed blood-ftone. A fuperior kind of wood handles are 
made of various foreign wood, fuch as lignum vitae, ebony, &c. 
Handles arc fomciimcs made of v^ry thin lilvcr in the (beet, 
and of plated copper. The thin metallic (hills, which form 
the ouiiidc of the lia.idk, arc made in two halfs, by beii>g 
forced into a fteel dye, by means of lead ; the two fide3 are 
afterwards foldered together, and the hollow put t filled up 
with a cement of lolin and pulverized brick. The cement 
ferves to give firmnris to the thin (hell of metal, and at the 
fame time to fecure the blade. 

Handling cf Penknives. 

The handles of penknives in general confift of three parts. 
viz. the outer feales, the inner fcalcs, and the fpring. The 
outer feales, which are only ornamental to the knife, are 
made of various iubftances, fuch as horn, fteg-horn, ivory, 
bone, tortoife-fheil, and pearl. The two latter fubftance* 
are tmployed for the molt valuable knives. The beautiful 
variegated horn ftand6 the next in eftiinatiom But the mod 
durable feales are made of dag- horn. 

The inner fcalea, which ferve to give firmnefs and dura- 
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fcility to the knife, and to which the outer feales are at- 
tached, are made of iron, brats, and fometime# of filver: 
the ends of the inner feales intended to receive the blade is 
in general made thicker, ami is termed the bolfttr of the 
knife. The feales of thofe knives having no bolften are cut 
out of thin plates of the metal of which they are made. 
Iron fdales with holders are forged with the hammer. 

The fpring is of ft tel, running along the back (and in 
Tingle blade knives round the end) of the handle, and ferves 
to feparate the l'cales from each other ; and by its elafticity 
exerted upon the tang of the blade, it fccurcs the knife in 
the (ituation8 of being (hut or open. The inner feales and 
the fpring being forged, and the outer fcalcs being provided, 
they are put into the hand of a workman, who liniflies the 
whole of the handling department. 

His tools confift of a vice, a fmall anv ; l, and hammer, a 
variety of files, fteel bnrmftiers, a breaft-piate, drill-how, 
and drills of various kinds ; a glazer coated on the face with 
emery and glue, to polifh the different parts; and a buff, 
which is» an inllrument fimilar to a glazer ; but in (lead of 
bting coated with emery and glue, it is tiftd with oil, and 
fine fand, a: d rotten-ftone. It is employed to polifh the 
furface of the outer feales. The buff and the ghzer are 
turned by the foot, in a manner ftmiiar to that of the com- 
mon (Ireet-grindcr. He is ?HV> provided with a number of 
hardened fteel plates, about one-twelfth of an inch thick, 
and in fiiape ecu responding to the different patterns of the 
handles: each plate contains holes in fituations anfweiing 
to the holes in the handle, by which the Coring and blade 
are fecund in their places. The inner feales are each fe- 
cund to one of the plates above, for the fake of drilling 
holes through them oppofiteto the holes in the plate. The 
feales are then fattened on each fide of the plate bv tempo- 
rary pins, and the edges are filed down to the plate. By 
this means the handles are made exactly of the pattern re- 
quired. The fpring is next drilled, placed between the 
feales, and fecured in its proper fituationby temporary pins, 
till it is tiled quite level with the edges of the feales. A 
hole being drilled through the tang of the blade, one of the 
above pins is taken out, and the fpring thrown back, fo as 
to allow the blade to pafa between the bottlers, in which 
ficuation it is fattened by means of a temporary pin. The 
tang ii then filed fquare, to correfpond with the boltter and 
the fpring. 

The blade, the fpring and the fcale bting properly ad- 
mitted to each other, the different parts »re fcparattd by 
taking out the pins. 

All the vilible parts of the fpring are next filed fmooth, 
and the fpring bent a little inwaids, for the fake of giving 
it greater power when placed in its intended fituation. The 
fpring is then hardened, by heating it red-hot and immerfing 
it in water ; it is afterwards tempered, by rubbing tt over 
with greafe, and heating it till the greafe inflames : the vi- 
fihle parts being glazed and burnifhed, the fpring is deemed 
finiflud. 

Our next proccfs is to place the outer fades of horn or 
other fubftance upon the inner feales. 

Scales of horn or tortoife-fliell are heated, and expofed 
while warm to the a&ion of a fcrew*prc(s, for the purpofe 
of making them flat. 

The feales are then made of uniform thicknefs, by means 
of filing. In the next place, the fliield of tin or filver is 
introduced. 

As this is a proccfs of fome ingenuity, at lead fo far as 
concerns the forming a reccfs for the different fhaped (hielda, 
we (hall deferibe the tools employed, with the afiiftance of 
the following figures. 
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Fig. 2. is a plate of hardened fteel, about one-twelfth of 
an inch thick, and of breadth and length fuitablc to the fizc 
of the (hit Id. A hole is made through the plate exaftly of 
the figure of the fhield ; and every different pattern of courfe 
requires a different plate. Fig. 3. represent# the drill em- 
ployed to cut the intended figure in the horn or other fub- 
ftance. 

This differs from the common drill, in having the fpring# 
fattened into the part B. by means of two ferews, A, A. 
'Hie ends, /;, b , arc made fliarp like the poit<n of a drill, and 
are capable of boring up to the fhouldcr a a* The plate, 
fig. 2, is placed upon the fcale, and fixed in the vice 5 the 
fprings of the drill are then prettied till the ends, b 9 b, enter 
the hole of the plate. It is plain that if the drill be prffTrd 
and turned round, that the force of the fpiing will caufe 
the cutting parts to make a figure the fame as that of the 
plate. The depth of the reeds is limited by the fhoulders, 
o y a. The fdvtr fhielda are cut out of the fheet by mean# 
of a punch ; thofe of tin are firft caft, and afterwards firuck 
into a reccfs made in a die by means of the plate and drill 
above mentioned. 

The fliield bting freur-ed in its proper place, the outer 
feales are pinned upon the inner ones ; the compound fcale# 
ptc next pinned together with the temporary pins, and 
both their edges are filed and finifhed together. They are 
again feparated, and the infidcs of the inner feales polifhed; 
alter whici. the blades, fpring, and feales are all riveted to- 
gether. The next thing is to file and burnifli the joint and 
bolder ; and la Illy, to finifh the outer fcale6. This is per- 
formed by filing, feraping, and buffing, firlt with fine fand, 
and laftly with rotten-ftone. 

Handling of Razors. 

After the blades of razors are ground and polifhed, they 
only ri quire to be handled and ftt or lharpened. 

The handle of a razor confitts of two tides, catted feales, 
which are made of various (ubttances. The moll valuable 
are made of pearl, torioife-fhtll, ivory, and native horn. 
The handles of the greattft quantity of razors, however, 
are made of prefled horn, fome of which arc dyed black, 
and others fpottea to imitate tortoife-fhell, and hence are 
termed m< ttled fheil. Pearl is a fubftance very feldom made 
life of for the handles of razors. In the firft place, they 
are very txpenfive, on account of the very high price of the 
(hells ; and fecondly, they are very liable to be broken, as 
well in manufacturing as when in ufe. Ivory makes a very 
neat handle ; but their vtry great cxpence in manufa&uring, 
added to the great price of the raw material, renders their 
price very high. In the opinion of moll, they are not 
neater, nor by any mtans fo durable, as the handle# of 
prefled horn. Tortoife-fliell makes a beautiful handle, when 
ufed in the ttate in whch it is cut from the (hell ; but on 
account of its high price, it is ufed with more economy by 
pretting it in a manner fimilar to that of horn. The prefl- 
ing, however, deprives it of a great part of its beauty. 
No bandits for elegance and durability can exceed thofe of 
native horn, when the fpecimens are properly fcle&ed fo: 
the purpofe. Since, however, the handles of prettied horn 
are in no way objectionable, but, on the contrary, are the 
molt generally preferred, we (hall be more particular in the 
description of tins branch of manufacture. 

Having already deferibed the proccfs of pretting the 
handles of table knives, and fince the feales of razor# are 
prefled by a method drill ly. fimilar, it will be unneceffary 
to give a feparate defeription. 

The dies in which the fcale# of razors are prettied are 
made to pref# one p«\ir at a time. The piece# of horn in- 
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temp'd for prc fling arc in ihc procefs fonu times extended na 
much as two inches. 

The handle® of preflld horn arc divided into three va- 
rieties, viz. the native black, contorting of horn which is 
black previous to being prtffed ; tlmfe of the fccond variety 
are fuch as are dyed black, or other colour, after being 
preffed ; and handles of the third kind are thofe deftined for 
mock ihcil, for which the moll char and colourlcfs fealetf 
are fele&ed . 

Thofe of the firft kind, after prefling, retain their native 
black, and are much efteemed for their permanent colour. The 
feales, which are partially coloured, are generally dyed 
black with a dye made of logwood and fulphat of iron : fotne 
are dyed red, and others green. The former are dyed with 
archill, and the latter with indigo diflolved in the fulphuric 
acid. 

The imitation of tortoife-fhtll is performed by a procefs 
called (potting, which contorts in the application of a com- 
pofition to the furface of the horn, by which it becomes ir- 
regularly coloured. 

The compound confiftsof one part of minium, four parts 
of common pot-afh, and ten parts of quick-lime : as much 
water is added as will give it a pulpy confidence. It is then 
laid upon the upper furface of the fcale with a Hick ?s care- 
lefsly as poflible, and is fpread thicker in fotne parts than in 
others, for the purpofe of giving a variety of [hades. The 
fubftance is allowed to remain upon the furface for fix or 
eight hours ; and the latter part of the time they are placed 
before the fire. After the compofition is remoted, the fur- 
face exhibits a ftriking imitation of tortoife fhell. The fin- 
gular effect of this fubftance is evidently the refult of fomc 
chemical change. The lime appears to anfwcr two pur- 
pofes : it t^kca the carbonic acid from the pot-afh, and at 
the fame time ferves to give a proper confidence to the mafs. 
The lead and the pure pot-afh together are eflential to pro- 
ducing the effect; though, when feparately applied, no 
change is obferved. The fadt is, that the colour is pro- 
duced by the diflolved oxyd of lead in the alkali. A co- 
lourlcfs iolutbn of this kind may be advantageoufly ufed for 
the fpotting of horn. May not this compound be found of 
ufe in giving colour to other animal fubftances, fuch as hair, 
leather, &c. ? 

The handles of razors are frequently ornamented by 
means of fhields of various figures, fome of which are of 
filver, others of yellow metal, and of an alloy formed of 
lead and tin. The filver and yellow metal fhields are 
preffed into the fubftance of the horn by means of a prefs 
fimitar to a fly-prefs. The fcale and the fhield are placed 
between the two dies of a figure correfponding with the 
fcape of the feales, the dies being previoufly heated to a 
temperature fomething (hort of that employed in the firlt 
prefling. A fuflicient force is then exerted upon the ferew 
to force the metal into the horn. Figures, letters, and 
other ornaments, are introduced by the fame method. 

The fhields of lead and tin are put in by firlt making in 
the feales a proper reccfs, by means of the fnring drill de- 
scribed in Jigs. 2. and 3., and afterwards filling it with 
the melted metal. The greateft number of fhields are 
of this kind. 

The handles of pearl, ivory, &c. which cannot be made 
by prefling, have the proper ftiape given to them by means 
of tne file. The fhields are then introduced by firft making 
the proper recefs with the fpring-drill, and afterwards fc- 
curing the fhield by means of rivetting, but more com* 
pletcly by the following method. After the fhield is cut out 
to its proper fhape, it is made concave on one fide, and 
convex ou the other $ at the lame time the edge is a little 
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bevelled towards the convex furface. The cutting part ct 
the fpring mull he fo formed as to make the bottom of the 
recefs to receive the fhiild a little larger than at the top. 
The fhield being then introduced with the concave fidi 
downwards, and hammered upon the convex fide, become** 
firmly fee u red. 

The feales of the handle in the ftate already deferibed 
are now tot for the reception of the blade. A piece of 
white metal, an alloy of lead and tin, called the head, in 
next placed between the fcaies at one end, to allow the 
blade to go between when the razor is fliut ; the blade is 
then ferewed in its place, and the fcale6 failencd together 
by means of rivets, which are of iron, brafs, and fame time* 
of filver. Zinc wire has been recently ufed for the purpofe, 
and receives a good polifh. The handles of razors in the 
fthte left by the prefs and the file are firlt (cowered with 
fand and water, and afterwards polifhtd upon a huff. 

A fupertor kind of fine cutlery is manufactured in Lon- 
don, chiefly by the furgical inftrument-makers : the ex- 
cellence of which confift8 in the great attentijn paid to its 
fabrication; the quality of the (led, and above all to the 
correctnefs of the feveral temperatures under which it is 
hardened, and the reduction of this by the proccfs called 
ttmpe^ng. 

The Uhmation thefe articles are held in, allows the ma- 
nufacturer to employ the fuperior workmen, and alfo to re- 
ject, during any part of the procefs of manufacture, fuch 
articles as from flight flaws, cracks, or even any inferior 
quality in the fled, may be objectionable. 

The procefs of the manufacture differs alfo from the cir- 
cumftance of the fame workman beginning and completing 
the article. Engines and complicated machinery are never 
ufed: therefore his fkill and abilities being exerted, greater 
perfe&ion is obtained. The hardening of lit el depending 
on the quick abfti action of the heat given, different me- 
diums are made ufe of, as quicktolver, water, oil, &c. The 
tempering, or reduction of the hardening, is not governed 
by the colour only, but by a more accurate method (pro- 
pofed by Hartley); the exadt variations of temper are given 
in a fluid, into which a Fahrenheit’s thermometer graduated 
to the boiling point of mercury is immerfed, and the deli- 
cacy of this operation may be fufficiently underftood, from 
the various colours produced on the ftcel, at the various 
temperatures (hewn by the thermometer. The change or 
fcale takes place at 430, and fmifnts at nearly 600. Nine 
changes of colour are obfervable at about 20 degrees dif- 
tance of each other, viz . 

430 Slight colour inclining to yellow. 

430 Siraw colour, pale. 

470 Yellow. 

490 Brown. 

510 Brown with purple fpots. 

330 Purple. 

550 Bright blue. 

560 Blue. 

600 Blackifh blue inclined to fcale or oxyd. 

From 430 to 470 is chiefly employed for razors, and 
fome of the finer edged furgical inftruments. 

470 and 490 for penknives, and fome pointed in* 
ftruments. 

From 510 to 550 includes pocket-knives, table- 
knives, carvers, feiffors, &c, 8 cc . 

The experience of the workman is much required* 
and alfo a knowledge for what purpofe the edge 
is to be employed, during theic three ranges of 
temperature. 

550 and 560 Spring temper. 
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Seiilng. 

The operation of fetting an edged inflrument, is the giv- 
ing it a more permanent, or lading edge, by means of a 
hone, or any other fine cutting done. Every article is left 
from the wheel with a thin wiry or notched cdpe. This 
muft be removed, and one fubftituted of an angular form; 
the more obtufe the angle, the ftrongtr the tdge, and vice 
verfa* This angular edge is obtained in feveral ways ; fotm*- 
times by the thicknefs of the back of the inflrument, but 
more generally by the elevation of the back from the (tone. 

Razors are fet upon a done brought from Germany. 
Their backs being thick, they are laid perf'e&ly flat, and 
rubbed backward and forward on each of their iides, till the 
wire or notched edge gives place to a fine fmooth one. 
The ufe of a fmall quantity of oil on the furface of the 


done is requifite. 

Penknives are fet upon a done brought from Turkey* 
and from its property of abforbing oil, it is called an oil- 
done. They are held at an elevation of the back juft fuffi- 
cient to keep it from touching the Hone ; and the greateft 
attention is here requifite, to give them the fame exaft ele- 
vation, during the removal of the wire edge. They have 
nlfo a few ftrolces given them as a fluid), upon a hard kind 
of green ftone. 

ScifTors are fet upon the oil-ftone ; they are held nearly 
upright, that their edges may be turned toward their inner 
fide. 

Pocket-knives, carving, and table-knives, are fet at an ele- 
vation, upon a Hone, called a rag-ftone, of a fine fandy 
texture, and without the ufe of oil. 
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PLATE I. 


Tig l- Two Troughs of a- Grinding Mill. 







Cutting-engine 


Cutting i in Mechanics , is the name of an en- 
gine, which divides and cuts a wheel, pinion, or rack, into 
any afligned number of teeth, which office it performs both 
with accuracy and expedition. While the art of conftruft- 
ing wheel-work was yet in its rude ftatc, the dividing of a 
wheel into the requifite number of circular parts, and cut- 
ting away the notches or fpaoes by a manual operation with 
a hie, was not only a tedious but an imperfeft way of pro- 
ceeding, which left fuch inequalities in the fixe and (hape 
of the tooth, as were but ill iuited to tranfmit'any applied 


force in an equable manner, or to perpetuate the duration 
of the parts once made. To facilitate fuch manual opera- 
tion by a file, the fimple platform was invented, deferibed 
by father Alexander, in his book on clock-making, which 
was a circular plate of brafs, from ten inches to a foot, or 
more, in diameter, with as many concentric circles thereon, 
as the ufual numbers of teeth in the wheels and pinions of 
clock-work required to be divided into correfponding parts 
of a circle. In the centre of this platform was fixed a item, 
6r faff arbor, round which an alidade, ruler, or index, with 
a ftraight edge, pointing to the centre, turned freely into 
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any given point of a required circle, by means of which the 
divifions of any given circle were transferred to a wheel, 
placed on the faid (lem under the faid index, by a marking 
point. This mode of dividing a wheel is ftill imitated by 
the enamellers and engravers of clock-faces, and is certainly 
an eafy way of transferring divifions from a larger to a 
fmaller circle for various purpofes, where the accuracy of 
an agronomical inllrument is not required ; but itill the 
fpaces were required to be cut by hand with a file ; at 
length a little frame was mounted on the index, which was 
contrived to direft and confine the file in fuch a way as to 
cut the notches of a wheel, placed over the index, with 
lefs deviation from the truth than could be managed by 
mere manual dexterity ; this addition, no doubt, led to the 
adoption of a circular file, or cutter, and of fuch other 
appendages a. completed the conit ruftion of a fimple cut- 
ting-engine; and it laaiT.rtcd [“Etrennes Chronometriques” 
par M. ie Roy] that Dr, Hook was the firft perfon who 
contrived filch an arrangement, as could merit the name of 
a cutting-engine, f machine a fendre. ] The doctor’s in- 
vention, which, like many other of his. inventions, has 
proved to be of permanent and great utility in mechanics, 
confiiled of an entire tranfmutation of the old flutionary 
platform, with its moveable appendages, into a moveable 
platform inferred into a ftrong metallic frame with ilationary 
and additional appendages ; the machine thus converted 
into an engine, or felf-ading piece of niechanifm, con filled 
of the ftrong frame ; the Hiding fupporting bars of the 
platform, or plate, with an horizontal ferew of adjuflment 
tor diftance from the circular file; the divided plate with 
a revolving arbor to receive the wheel to be cut ; and the 
alidade fixed to the great frame, in the pofition of a tan- 
gent line to any of tne divided circles, and applying its 
bent and rounded point to the punched marks of divifion on 
the circle fucceflively, as the plate revolved, in the adt of 
cutting the fuccefiive teeth of a wheel. This couilru&ion 
of the engine is very nearly the fame that remains in the 
tool (hops of the prelent day. The original divifions of the 
circles, viz* 360, 300, T50, 90, 60, $tc. are alfo retained 
in the ordinary engines, though many of the fmaller num- 
bers arc included m the larger ones, and are therefore fu- 
perfluous ; for taking every fourth hole of 360, is the fame 
as ufing the circle of 90, or every fixth the fame as ufing 
the circle of 60 ; alfo taking every other hole of 300 is 
the fame as ufing the circle of 150. As thefe ordinary 
engines are very limited in their operations* by reafon of 
their powers extending only to the numbers marked on 
the divided circles ; and as the prime numbers are not 
ufually inferted, we find that different ingenious men, both 
in France and England, have contrived additional apparatus 
to render the engine more perfedi. Indeed To long ago as 
the year 1716, Henry Sully brought into England, among 
his colledtion of new tools, a fuperb engine, made by 
M. de la Faudriere, which has been mentioned by Julien le 
Roy, and deferibed b^r Tliiout in his “ Tmite d’Horlogerie.” 
About 1730, M. Taillemard made further improvements 
in the cutting-engine, particularly by introducing a tubed 
arbor inilcad of an arbor with a fquare hole, which had 
been ufual before. After Taillemard, his apprentice Hulot 
continued to conftruft engines in a fuperior way in France, 
and is fucceeded by his fon Hulot the younger, whofe execu- 
tion is deemed equal to that of his father. 

M. Fardoil, another French mcchanift, contrived a plate 
to his engine, which afforded the means of cutting any 
number of teeth in a wheel, prime or compolite, by a cir- 
cular rack and cndlefs ferew, the latter of which is fixed in 
a ftationary pofition. The defeription of this engine is 
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given in Thiout's work which we have already mentioned, 
to which the curious reader is referred for a full accou it. 
The number of notches on the circumference of the plate, 
which has no divided circles, i9 ftated to have been 42c?, 
jfo that one revolution of the ferew anfwered to a tooth, 
where the wheel was required to be cut into 420 teeth, and 
in proportion as the micrometer-head of the ferew was 
turned more or lefs than an entire revolution, were the teeth 
reciprocally fewer or more numerous than 420. This num- 
ber feem6 to have been chofen in preference to any other, 
by reafon of the many compolite parts it is capable of being 
divided and fubdivided into. In pra&ice it was necefTary 
to divide the number 420, and alfo the number of teeth of 
the propofed wheel by fome common divilbr, in order to 
reduce the terms into their loweil denomination 5 then the 
quotient arifuig from the number i f the wheel’s teeth, in 
ufing the common divifor, was made the number for the 
divifions of the micrometer-head, and the larger quotient 
coming from the term 420, was the proper number of di- 
vifiun8 of the* faid divided micrometer-head necefTary to 
pafs the index after cutting each tooth. An example will 
render this mode, which was certainly ingenious, intelligible 
to any ordinary reader, who has feen an engine. Let the 
number of teeth to be cut be 249, then the common divifor* 

will be 3, and ^--°rri40, likewife 83 ; the fmaller 

3 3 

quotient therefore 83 is the number of divifions proper for 
tne micromcter-head, fixed to the axis of the endlefs ferew, 
and 140 of thofe divifions mull pafs the index after each 
cutting operation ; the refult in this cafe will be the fame as 
if the micrometer had had 249 divifions, and 420 of thefe 
had patted the index after the cutting of each tooth. The* 
micrometer-head had a ratchet wheel and contrivance for 
making number one of the divifions came back to its ori- 
ginal fituation after each operation, like the contrivance in 
the engine for dividing fextants and nautical circles, which 
engine will be feen in another place. This mode of cutting 
all kinds of numbers, ingenious as it is, requires, however, 
various micrometer-heads to fuit fuch prime number, which 
prime numbers themfclves require dividing previoufiy ; con- 
lequcntly the real advantages of this contrivance are by no 
means adequate to its profeflions. Berthoud has given adeferip- 
tion and drawing of a French machine for cutting the teeth 
of wheels and pinions, in his “ Eflai fur l’Horlogerie,’* 
and alfo in his “ Hiftoirc de la Mefure du Temps/' fuch as 
he confiders of the betl conftrudtion ; and in his u Traite 
des Horloges Marines,” he has deferibed an apparatus for 
forming the ends of the teeth by means of a concave file 
confined in a frame, which makes it move in a given direc- 
tion ; which description, together with the drawing, is co- 
pied into his “ Hilloire de la Mefure du Temps.” We 
fatisfy ourfehes with a reference to thefe contrivances, in 
order to deferibe two engines of Englifh conflrudlion, which 
have not been previoufiy deferibed, and which, we thick, 
merit a particular notice, both as fpecimens of ingenuity, 
and as engines of great utility in daily pradtice. Thefe en- 
gines vve nave idready referred to under our article Clock- 
m. king; one as being ufed by the late Brown of King- 
flreet, Seven-Dials, London, which we learn was projedted, 
and partly made between the years 1770 and 1700, by 
Hindiey of York, when in London ; and the other, as being 
contrived by the late Reh6, mechanift to the naval board 
of works, and purchafed by Troughton for the ufe of ft 
relative, who is fince dead, and who is fucceeded by James 
Fayrer of No. 35, White Lion-ftreet, Pentonville, who now 
ufes it. On a reference to Mr. Troughton's books, we 
find, that his late brother divided Rehd’s engine-plate ia 
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toe vv>ar 1783, wliich fixed the date of its conftru&ion ; and 
t'orn this as a model it was, that the inventor conitru&ed 
a fimilar one for Dr. Milner, the dean of Carlifle, of the 
ex pence of which that gentleman had not formed a com- 
P^u-nt judgment at the time he gave his order, to make as 
£ood an engine as could be conftru£tcd, which occafioned 
iome demur about the payment. The worthy dean little 
iufpe&ed that the engine he had ordered would coft him 
three hundred pounds or guineas'; and the reader will not 
be lefs furprifed to be told, that Rehe’s engine, with its 
apparatus, was fold at his fale for 700I. 

Cutting -Engine by Bindley. 

The cutting-engine contrived by Hindley is repre- 
fented in Plate II. of Engines • Fig. 1 , is a perfpeftive 
view of the entire engine in a ftate proper for cutting, 
with the exception of the foot-wheel furrounded by the 
cord that gives motion to the revolving cutter, and of the 
bench to which that wheel it attached, and on which the 
engine rolls; but the reader who has feen a common turn- 
ing-frame, or other mechanifm turned by the foot, can rea- 
dily conceive how a fimilar motion may be given to the cut- 
ting-engine by a lever, placed nearly horizontally under 
foot, and conne&ed with the crank of the large wheel’s 
arbor : figs. 2 and 3, (hew the cutter frame detached fiom 
the engine, the tirft of which fuppofes the eye placed over 
it, ana the other at one end when viewing it ; we (hall fpeak 
©f them more minutely, and alfo of fome figures in Plate III., 
when we have deferibed the engine in its entire (late. 

ABCDEF isa (Irong iron frame, fixed by the end 
pieces at E and F to a (leady bench, to which alfo the large 
wheel for the cord is fall, but not feen in the drawing ; the 
fide-pieecs of the frame, A B and C D, are exactly parallel 
to each other, and their upper edges are terminated by two 
flopes that form an oblong and obtufe wedge, on which the 
lunk bafe of the cutter-frame, GHI K, refts, and fl'des 
Innoothly when one of the handles and micrometer head at 
£j turns the horizontal ferew, between B and I), that is tap- 
ped into a piece of metal behind the cutter-frame and attach- 
ed thereto. M is a (Irong tube of brafs fixed |o the fide of 
A B by four fcrt*ws frtn to the right and left m the fquare 
part to which the tube is fall: within this fixed tube M 
there is another tube N feen above it, which conllitutes the 
revolving arbor of the large circular plate 0, under the 
frame ; the annular (houlder-pirce, P, refiing on the top of 
tube M, and pinned or ferewed fad to the interior tube N, 
bears the whole weight of the plate O : a feftion of thefe 
tubes, containing another tube and arbor of a pinion to be 
cut, is given in fig. i. of Piate II. The plate, O, is about a 
foot in diameter, and marked into a number of divided circles, 
with holes drilled through at each divided point, the ufe of 
which will be explained prefcntly. Through the inner tube 
N, or axis of the plate O, paffes a folid arbor on which the 
plate, Q* is fixed, with a few notches cut on one fide 5 
this fohef arbor is fixed by a ferew, under the centre 
of the plate O, as feen in^. 1. Plate II., and may be 
taken out at pleafure, and a projecting pin fixed in 
this folid arbor, below the wheel, takes into a corre* 
(ponding notch made in the tube N, which contrivance 
makes the folid arbor and tube, N, reft or revolve together, 
.as circumfiances require, and alfo along with them the circu- 
lar piece of metal Q^» placed faft to the folid arbor by a collet 
and tapped nut ferewing down upon the fuperior end of the 
arbor, formed into a ferew, as feen in the figare* Of thefe 
ibiid arbors there is a variety belonging to the engine, with 
their fuperior ends varying in thicknctB to fuit the different 
holesof different plates Q, or in other words, to fuit the central 
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holes of different wheels previoufly turned and fitted to thur 
refpe&ivc arbor? 5 but it is not needfory to introduce thole 
different arbors into our drawing, as their (hape is c>unintr, 
and their dimenfions vary only at thefupeiiur end, whcie t ht* 
wheel fits. In confequencc of the connexion of the folid 
innermoff aibor with the tube N attached to the platform 
or divided plate O, whenever this p.ate revolves a given 
quantity, or divifion of one of its circles the wheel lixvd 
to the folid arbor, above the frame, moves with it prreifely 
the fame portion of a circle, and prefen ts itfcl! to the cutter 
or revolving circular faw R, borne by the moveable frame 
G H I K, and having a fmail pulley round the puflcrior 
end of its arbor, which is fern embraced by the cord that 
puts it in motion. Whenever the handle S, attached to the 
cutter-frame, as may be feen more cltaily in Ji* % 2, is lowered 
by hand, the cutter, R, defeends with it till meeting with the 
edge of the plate, or wheel Qj it cuts a notch through it, 
while the moving pulley give6 motion to the faid cutter ; as 
foon as this notch is cut, the depth of which is regulated by 
the ferew of the handle L, that moves the who'e cutter- 
frame, the handle, S, is permitted to afemd, which it docs 
by means of a fpiral fpring feen in the middle of the cutter- 
frame preffing under the top portion injig. z ; the cutter is 
then free from the notch of Q , and the latter is at liberty to 
advance round whenever the plate, O, is moved ; during this 
time an index, with a fixing point, T, called by the French 
an alidade, holds the plate in a firm pofition, in confequencc 
of the point, T, penetrating one of the drilltd holes of the di- 
vided circle, made choice of for the operation ; this point, 
T, is next raifed by the right thumb prtfliug on its oppofite 
end at U, while the fingers of the fame baud turn the plate, 
the fpace of one divifion or more as may be required ; the 
left hand in the mean time grafping the handle S, and the 
foot continuing to turn the large wheel, that is the ftrft 
mover; the motion of the large plate has now brought Q^, the 
wheel to be cut, a correfponding fpace round, to the iitua- 
tion required for cutting another notch, which the cutter 
immediately does on being brought down by S, the handle 
for the left hand, into contaft ; the operation of raifing the 
fixing point T, and of moving the large piate O, another 
divifion, is repeated, and the wheel, CJj is again in a fituation 
to have its third notch cut ; and thus the . operations ofmov- 
ing the large plate and lowtring the revolving cutter are al- 
ternately repeated till there are as many notches cut in the 
edge of the wheel, as the divided circle contains drilled holes 
of divifion. provided the plate is turned only the fpace of a 
Angle divifion ; but when the plate is moved two divifions 
of the circle evtry time the point, T, is raifed, then the num- 
ber of notches cut in the wheel will be only half the number 
of fuch divifions ; fo that any divided circle on the plate 
will ferve for a wheel that is either the whole number, or 
any exaft aliquot part of that number. For the ordinary 
engine this description would have been fufiicient to have 
conveyed to the reader an adequate idea of the operation of 
cutting a wheel fit for all common purpofes ; but the engine 
before us is comprehenfive in its ufes, and takes in all num- 
bers prime and compofite, whether divided on the plate or 
not, which lie under 360, its greateff number of divifions in 
one circle ; nay, it will go even beyond this number if found 
neceffary, as will appear from a little clofer infpe&ion. In 
an ordinary engine, the fixing-index, or alidade, is made 
elaftic, and placed on the fide of the principal frame, and is 
moveable on the end oppofite to the fixing point, fo as to 
be capable of being placed aa a tangent line to any one of 
the divided circles, T>ut has do ferew or micrometer to alter 
its length or pofition when once fixed, on which account a 
wheel cannot be cut into any other number of teeth, but 



234 

fiich as arc laid down on the plate, or fuch as are derived 
from thofc, by taking every fecond, third, or fourth, & c. 
hole of the divifions ; whereas in the engine before us the 
fixing index, IJT, is not attached to the fiame, but to the 
four-armed piece of brafs VW XY, that is moveable round 
the inferior end of the fixed tube M at V, and connefted 
with a worm fore w by means of teeth cut on its branch Y, 
as (hewn in the figure ; the worm near Y is fixed by u cock 
to the end-piece E of the large frame, and has a micrometer 
head, Z, divided into iixty notches, inftead of dividing l*ne* v 
that the elalltc index f, above Z, feen ferewed to the fa*id 
end piece of the frame, may make fuch a noife in palling the 
faid notches of the micrometer-head as are audible to the 
workman, who therefore lias no need to examine the dividing 
marks by the eye in the aft of cutting. The branch, X, has 
an oblong hole m it, that the contiguous end of branch Y 
may be adjufted in it, by fixing the racked end near Y in a 
proper fituation to act freely with the worm ferew when 
wanted ; the piece of brafs a, with a long open in the middle, 
and ferewed at g to the fide, A 15 , of the principal frame, 
has the ferew, d , patting through it to fix the branch X, 
whenever the worm-ferew is not required to be in ufe, which 
in this cafe fixes the index, T U, to the frame A B, but 
when the worm is ufed, as hereafter drfenbed, the thumb- 
fere w, d, is turned back. The arm W b % to which the index 
and fixing point, T, are attached, Aides, in the adjuftment for 
a given circle to be ufed on the plate O, along an under bar 
of limilar dimenfions, which it covers, and winch is a part of 
V continued ; the interior end of W h is kept to its direftion 
by the fixed clamp, b , that moves on pivots near the letter b, 
at one fide, and has a fixing point that penetrates the holes 
of divifion made and numbered, along the upper or Aiding bar, 
with figures that indicate the divifions of any given circle to 
which the fixing point, T, of the fixing index is at any time 
placed ; therefore, when a wheel is required to be cut into any 
mimber of teeth, found upon the divided bar W b t this bar is 
Aided in or out, while the fixing point of clamp 6 is held up, 
till the bole dtfignated by the required number falls under the 
faid point, in which fituation it is made fail by the thumb- 
ferew e , and the point, T, then falls into one of the drilled 
holes of the proper circle of plate O, which in ordinary en- 
gines contains the numbers itfclf. The index, T U, 6f the 
fixing point of the plate O, turns on pivots above h when 
preffed by the thumb at U, and has a fpring underneath 
that makes it return, and holds it fad in any afligned hole of 
a givch circle of the plate during the cutting of a fpace in 
the wheel required to be cut *, but when the plate is wanted 
to be at liberty to move a large portion of a revolution for 
any purpofe, the fpring juft mentioned can be locked, fo as 
to hold the point', T, above the plane of the plate, till the aft 
of cutting commences. By the help of this appendage to 
the engine a wheel may be cut into a number of teeth not 
divided on the plate in the following manner ; fuppofe a 
wheel of 6z teeth were required to be cut, and that there 
were no divided circle on the plate nearer than one divided 
into 6o holes, to cut it from ; theft having fixed the wheel 
on the folid arbor by the fixing nut, in the fituation of Q, 
and having Aided the divided bar W b till the fixing point of 
b falls into the hole defignated by ( )0 on the faid bar, let it 
be fixed there by the thumb-ferew /, and let the point T 
fall into any one of the holes drilled in the circle 6o, which 
will now be exaftly under it *, alfoiet the thumb-ferew d be 
turned back to fet the four-armed piece at liberty to move 
by the worm-ferew Y attached to the micrometer-head Z ; 
in this fituation of the apparatus cut a notch in the wheel, 
then prefs on the end U of the index and carry the plate in 
the direftion firomO towards T, the quantity of two divifionsi 
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which will be two teeth in the wheel if they were cut, the 
cutter in the mean time being raifed from the wheel, as in 
the drawing : turn in the next place the micrometer ferew, 
and count the turns and parts of the micrometer until the 
wheel is brought back to its original fituation ; that is, till 
the cutter on trial is found to drop eafily into the notch 
before cut without rubbing on one edge of the notch more 
than on the other. Let the turns of the micrometer, thus 
counted bt* 7, and 14 notches or marks out of 60 over, for 
the meafure of two teeth in cafe 60 teeth had been the 
number to be cut, which will be 434 notches on the micro- 
meter-head patted over by the index f ; then if thefe notches 
be divided by 62, the teeth to be cut there will be V* 4 — h 
for the number of notchts that the large plate O ought to 
be turned back after each tooth is cut, in a direftioty oppo- 
frte to that of the plated motion, when made to revolve after 
the fixing point, T, is raifed ; the procefs therefore now to 
be ufed in cutting, is to raife the point T in the firft place, 
then to move the plate from O towards T, one divifion or 
dt, of the circle, alter that to turn the micrometer back 7 
notches of the 60, which carries the plate back again from 
T towards O, a fmall quantity, fo as to form a tooth of 
in dead of of the whole number to be cut. Laftly, Itt 

the notch be cut, and repeat the fame procefs at every cut- 
ting, and it will be found at laft that a wheel of 62 teeth 
has been cut inllead of one of 6*0, on account of there being 
62 times 7 notches in the 434, that have in the whole pafi- 
fed the index f, during the time that the wheel hai been 
under the aft of cutting. Sfiowld it happen, as will gene- 
rally indeed be the cafe, that there is a remainder in the di- 
vifion of the notches by the teeth of the wheel to be cut., 
the remaining numbers may be intrrculated thus: as a fe- 
cond example, let the number of teeth be ( l to be cut from 
the fame circle of 60, and let the turns of the micrometer, 
as before, be 3, with 37 notches over, out of ( o , for the 
fpace of a (ingle divifion on the plate O ; in this cafe there 
will be only 2 1 7 or half the former number of notches in 
the whole, to be divided by 6 1, the quotient arid no 1 from 
which is three, with a remainder of fo that, proptrly 
fpeaking, 3 Jf notches of the micrometer ought to be drawn 
back after every Aufting of the fixing point T, but this is 
not prafticable without a ratchet, and returning back to the 
micrometer, which the engine has not got; therefore as 34 
is only 3 more than half of 61, and as one notch on the mi- 
crometer de es not affeft the motion of the p’ate O in a 
fenfible manner, the notchts may be taken alternaitly 3 and 
4 in fucceAion, except in three equiddlant points of the 
wheel, where 4 may be taken twice in fit *ctfiion, which mrfde 
of interpolation of the notches belonging to the reminder, 
as they accumulate, may be praftifed with any other num- 
bers, and the difference thus occafioncd among the tetth will 
not be fenfible even under a magnifying glafs. The wiiter 
of the prefent article has feen and examined a wheel of 126 
teeth cut from a circle of only 100 divifions in thi* manner, 
which appeared as evenly divided, as if it had been cut from 
a circle drilled or punched into 1 26 divifions. 

If the number of teeth to be cut had been taken few’er 
than the divifions in the circle ufed on the plate, the micro- 
meter-head muft, in that cafe, have been turned the con- 
trary way, to augment the divided fpacts of the plate, aud- 
io enlarge the fixe of the teeth in proportion as their num- 
ber is decreafed, which effeft can now be readily appre- 
hended without further detail. 

But this property of being capable of cutting wheek into 
all afligned pradical numbers of teeth, is not the only ad- 
vantage that this engine pofftffes over ths common engines 
feen in the tool*(ho£S : when the cutters of thefe engines 
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inquire to be changed, the arbor, en the middle of which 
they are fixed, requires to be taken out of its frame, and to 
t>e replaced and adjufted to the centre of the plate, or middle 
of the folid arbor, as frequently, which is troublefome: alfo 
as the cutter-arbor revolves round ftationary pivot* holes, the 
bottom of each notch cut in a wheel is necefi’arily a portion 
of the circumference of a circle, which in a thick wheel re- 
quires to be fded into a ftraight line after the cutting is 
finifhed. Both thefe inconveniencies are obviated in our 
prefent engine. To avoid the firli inconvenience, the cutter, 
R, is put on the proje&ing end of its arbor, and can be 
taken off and put on without difpiacing the arbor from its 
moveable frame. When, however, the cutters vary in 
thieknefs, they require an adjuftment of their middle part 
to the middle of the folid arbor that bears the wheel to be 
tut, which is done by a contrivance fecn bell in fig. 2 ; 
where R, as before, is the cutter, and H I an arbor* round 
the pivots of which the top of the frame, to which the 
handle, S, is attached, revolves, and , to which the faid top 
is united by a fmall handle i ; when the ferews, k and /, arc 
loofe, the top of the frame, b Imn, is at liberty to have a 
motion in the direction from H to I, or the contrary ; hut 
the fmall handle, /, is ferewed at the middle to the arbor 
H I, and at the interior end to the top of the frame, near 
the fork of the large handle S ; fo that, ae the bearing parts 
H and I, beyond the two ends of the arbor, have no lateral 
motion, whenever the ferews, k and /, are loofe, and the end, 
/, of the fmall handle is moved towards H, the whole top, 
It Imn, and cutter, R, are carried towards I, and the con- 
trary when the end, *\ of the fmall handle is moved towards 
I ; this fide motion of the cutter, and of its arbor, affords 
the ready means of adjuftment for cutting the fpaces, and 
confcquently of forming the teeth of any wheel with a 
given cutter, in a dire&ion tending exaftly to the centre of 
the faid wheel; and when the adjuilment is made, and exa- 
mined by the notch in gauge /, Jig* t, which ought to fall 
on the middle of the cutter, when turned round its centre 
of motion at its lower extremity, the tightening ferews, k 
and 1 9 may he turned home again, and the cutter will remain 
adjufted. With refpe£t to the other advantage of cutting 
the bottom of each fpace in a ftraight line, however thick 
the required wheel may be, Jig* 3 will furnifli an explana- 
tion ; here is a fide view of the cutter feen lefs obliquely 
than in Jig. I, and detached from the other tnechanifm ; 
H, as before, is the place, where the proper centre of mo- 
tion of the arbor H I, i n^fig* 2, is, and R again is the cut- 
ter ; the arbor of the cutter is hid, but can eafily be appre- 
hended to be admitted to pafs up and down the opening s t, 
el the part, K, of the frame, as fecn in Jig* i ; while a 
roller or fri&ion. wheel, furrouuding the faid arbor, touches 
the interior Tides of the fork s t; this property of the cut- 
ter's afeending and defeending in a ftraight line, when the 
handle, j, is railed or lowered, would however be checked by 
the limit of diftance from R, the centre of the cutter, to 
H, the centre of motion ; but the pieces, H and I, have alfo 
each a centre «f motion at their lower extremities, as at r, 
which allow the centre H, and its correfponding one at I, 
to approach to, and recede from, the oblong aperture, s t, 
twice in each afeent and defeent of the cutter; namely, once 
•above its prefent horizontal pofitipn, and once below. The 
perpendicular ferew at u , forms a ft op to the afeent of the 
arbor, and a correfponding one below at r, forms a fimilar 
ftop to its defeent; the latter of which is alfo ufed as a limit 
for the depth of a contract wheel’s teeth, during the opera- 
tion of cutting. When a very large wheel is to be cut, 
there is a part of the cutter frame behind G, not feen, 
which, ia tapped, to receive the ferew of the handle J-* in 


.fig* i% one half of which tapped piece is cut away, and 
allows the other femiciteular part to be ftt at liberty from 
the ferew, by turning on a hinge, to enable the frame to 
Aide freely to the rough diftance, without turning the ferew, 
which contributes to expedition in the adjuftment of the 
cutter’s diftance from the folid arbor that bears the wheel. 
In common engines it may be proper juft to mention the 
large plate 0, together with its fecondary frame that fup- 
ports its lower pivot, is adjufted by the horizontal ferew to 
the cutter, the frame of which cutter remains always fixed 
to the principal frame. 

Befides the parts above dtferibed, the engine before us 
has got two appendages, that render its ufes Sill more com- 
prelienfive. namely, a contrivance for cutting pinions on the 
arbor, and an apparatus for cutting ftraight racks, with 
which we will finilh our account of this engine. 

Fig. i. of Plate III. (of Engines), is an elevation of 
the appendage tor holding a pinion on its arbor, together 
with a fe&ion of the concentric tubes above the large plate 
referred to above, but not fecn. In Jig . I. of Plate II. A B 
is a portion of the principal frame, denoted by the fame let- 
ters as before, M and M, a fedtion of the fixed tube M. In 
fig . i. of Plate II., N and N, a fe&ion of the revolving 
tube N, or axis of the plate, P and P, its bearing fhouldcr, 
and Q^R, a third tube, inftead of the folid arbor, holding 
the pinion arbor faft, and fixed by the milled nut, R, under 
the plate O, feen now as a ftraight line s the ftage of the in- 
nermolt tube at Q, has many holes drilled into it, tapped 
fo that not only a pinion, but a wheel alfo, may be attached 
to it, and cut, after it is faft to its arbor; of thefe tube?, 
R, there are many varieties, differing in bore and fizc 
ot the ftage, to fuit different purpofes. The piece ab t at- 
tached to the frame A B,' by two ferews at a, has an ob- 
long opening, receiving the Aiding piece c f that can be fixed 
by a thuinb-ferew behind, at any height, and that admits 
the horizontal bar d \ to Aide through it, before it is fixed ; 
at the part e, of ab % is a hole with a Ait, that allows it to 
open or clofe by the adtion of the ferew f; through this 
hole e, the fteei wire* g , paffes, and forms a bearing for the 
upper pivot of the arbor,/, of the pinion, which otherwife 
would yield to the cutter, while the bar d 9 prefling again it 
the faid arbor near the pinion, prevents its bending during 
the operation of being cut, or Jlit, as this operation is ufuaily 
called, which is performed like the cutting of a wheel, al- 
ready deferibed. 

Fig. 2. of Plate III. is a plan of the upper fide of a fmall 
plate of brafs, and of its appendages, for holding a rack 
during the aft of cutting, and for limiting the fixe of the 
teeth to any given dimenfions; a b 9 is the plate in queftion, 
mounted over the frame of the engine, near the cutter, by 
means of a ftrong bar, like a b, in Jig. i, and placed in the 
fame fituation, as may be feen in Jig. 3, which is an end 
view of Jig. % ; the two little fcrew-holes at each fide of 
the letter b, in Jig . 2, fhew the place of attachment ; and a 
ftrong ferew, palling through the larger hole at e , enters the 
fuperior end of the main arbor of the engine plate, and fixes 
this mechanifm fteady enough to hear the aftion of the cut- 
ter, applied in the ulual way. The bar to be cut into a 
ftraight rack lies upon this plate a b, from d to e f between 
the cocks d and e , on one fide, and the adjuftable bar f 9 on 
the other, which bar Aiding in the two oblong openings, 
may be fixed at the required diftance from the laid cocks, 
by means of the two ferews at its oppofite ends taking into 
two nuts beneath, while a couple of thumb-ferewa g 9 h % 
feen \njig* 4, which is a fide view, prefs above the faid bar 
intended for the rack, and keep it firmly down. The pi- 
nion i, with twenty teeth, is ufed as the head of a micro- 
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meter {crew, which the elaftic index, /, rcfla upon, fo as to 
make an audible found, to ferve as h reporter of each twen- 
tieth part of a revolution; it in feen in the jigs. 2, 3, and 
the Jaft of which is the plane of the interior fide of the 
plate ab, and without which the whole contrivance could 
not well be explained in an intelligible manner : on the ar- 
bor of the pinion, i, is an endlefa ferew or worm, feen in 
Jig. 5, into the tpiral {pace of which a Angle tooth, /, is 
inlertcd; the bar, L which is feen prefling againft. the cock 
r, as a thin bar \x\Jg. a, has a joint near the pinion i, on 
which the catch, m, turns, when lifted by the lever «, which 
lever itfelf turns on a pin in the bar /, as a fulcrum. The 
catch m, as reprefented in figs. 2 and 5» * 8 raifed a little 
from the bar /, and has a fpring, attached to the bar /, 
prt fling it back again into contact with this bar ; confe* 
qucntly the end. n , of the lever is now nearer to the pinion, 
*, than it would be, if the end, m, of the catch were not re- 
moved, in oppofition to its fpring, from the excavated part 
of the plate. The catch, m, which is feen coveting the bar, 
/, in the fide view in Jg. 4, has an oblong opening, thri ugh 
which the fixing thumb* ferew, 0, pafles, as well as through 
an opening in /, not feen, into the cock e, in fig. 2 ; and 
the bar, /, is itfelf attached to the plate by a Hiding cock p> 
in Jg, 5, and alfo by a dove-tailed piece attached to the 
cock e, in Jg. 2, on which piece the concealed dove tailed 
opening ot / Aides, when the worm is in motion. From 
this detail of the different parts of adtion, it may now be 
conceived, that when the pinion, i, is turned, fts worm ac- 
tuates the Angle tooth attached to the bar /, and confe- 
qutntly moves this bar, together with the lever «, and 
catch m, a quantity in or out, that depends on the diredtion 
and quantity of the pinion’s revolution, after which motion, 
it may be fixed to the cock e of the plate, by the fixing 
ferew 0; and »9 the edge of this cock e is divided into 
inches and tenths, a ttrokc made on the contiguous edge of 
the bar, /, lerves as an index to meafurc the tenths pafled 
over; the thread of the worm-ferew is fo cut, that one re- 
volution of the pinion draws the bar /, and its appendages, 
jutt one-tenth of an inch: confequcntly, one tooth of the 
laid pinion, counted by f the noife of the elaltic index k 9 
mcafurcs Vs of i\y> or tAu °f an inch. As the fame letters 
of reference apply to all the four^r. 2, 3, 4, and 5, a 
further description, it is prefumed, is unncctuary. In ufing 
this apparatus, the cutter-frame of the engine is adjulled 
fo, that the cutter intended to be ufed is brought into con- 
tact with the edge of the bar to be cut, at the excavation 
near the end, m, of the catch, and is made to cut a notch, 
as though a wheel were to be cut; the cutter is then raifed 
out of the notch thus cut to a proper depth, and the pi- 
nion, #, is turned, fo as to make the end, m , of the catch 
fall into and fill the faid notch, the rack being in the mean 
tune preffed fall by the fertws g and h> feen in Jg. 4; the 
lever, if, is then depreffed, which fakes the catch, m, out of 
the notch ; and fuppofing T * 5 of an inch to be the thick* 
nets of the tooth to be cut, the pinion is turned back again 
two entire revolutions, one for the fpace, and the other 
for the tooth, in which new Atuation the bar, /, is fet fail, 
by the fixing ferew 0 ; the rack is now fet at liberty, by 
turning back the prefling ferews g and h f and the rack is 
moved gently by hand, towards the pinion i, until the 
catch m, in its adjufted and fixed fituatton, falls again, by 
means of its fpring, into the fame notch which it occupied 
before it was moved by the worm-ferew 5 the rack is a fe- 
cond time prefled by the ferews g and A, and a fecond notch 
is cut as before, which now forms the tooth of a requifite 
thicknefs ; again the catch, m t is lifted by the lever *, the 
rack fet at liberty* and moved till the fecond notch is 
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caught by the catch, where it is in a fituation to be fixed 
for the cutting of the third notch, or fecond tooth ; and 
thus the alternate proeefs of railing the catch, and moving 
the bar of the rack, till it is caught in the next fucceeding 
notch, is repeated before each cutting, till as many teeth 
are cut as are wanted ; the piivon and its worm-f:rew hav- 
ing performed their whole office before the fecond notch 
was cut. When the rack is required to be cut into teeth 
on nearly its whole length, it is ufnal to begin about the 
nv.ddle, and to cut one half firft, and then to reverfe for 
the nthci half, ami begin aga»n from the notch firtt cut, 
which mode of operation requi-es not only the ends of the 
rack, but the furfaces alio, to be reveJed, after the firft 
half of the work is performed. 

On the plate of this engine there are thirty divided cir- 
cles, with the points of diviAon drilled quite through ; 
numbered thus; $65, 360, 144, 100, 60, 30, 96, 90, So, 
78, 72, 34, 4b, 02, 94, 92, 64, 59, 86, 88, 84, 82, 
76, 74> 7°» 68, 58, 56, 52, and 49, which divifions in- 
clude all the ufual numbers introduced in the wheels of 
clock-work ; and fuch a* are not found here may be ob- 
tained by the help of the micrometer, when wanted for pla- 
netary motions, or other extraordinay purpofes. 

Cutting Engine by Rebe • 

Plate IV. of Engines exhibits a general perfpedtive view 
of the engine for cutting the teeth of wheels, as originally 
made by Rche for his own ufe, and which, we have faid 
before, is now the property of Mr. Troughton of Fleet- 
Areet. It is drawn to one-fourth of the real fize. 
A A B C D E is one folid mafs of caft-iron, formed into a 
frame in the mould, of which A A is the upper horizontal 
part, B and C the ends of the faid frame, and D E its bafe, 
Axed with four ftrong ferews (the heads of which are 
viflble) to a wooden name, to which the large wheel is 
appended, that gives motion to the revolving cutter and 
fome intermediate pullies placed over the head to give 
a due direction to the moving cord: this large wheel and 
thefe pullies are purpofely omitted in the drawing to give 
room for the engine itfelf to be taken on a good feale. 

F and G are a pair of cheeks forming a part of H I, which 
is another piece of caft-iron of the fhape of a parallelo- 
gram, having an oblong aperture through the greateft 
part of its length, along the middle. K L is the plat- 
form, or large plate, of the engine, in which are drilled 
the dividing holes of a variety of circles ) its diameter is nine- 
teen inches ; the arbor of this plate is a ftrong brafs tube, 
M N, refling in a hole on the bafe, D E, of the large 
frame, and having a ferew formed on its circumference at 
N, with a correfponding tapped nut, that has got a handle 
to turn it by ; it has auo a flit cut through it to admit a 
wedge under the nut, as may be feen without further de- 
feription ; the upper part of the arbor is fupported by a 
hole in the top part of the frame A A, ana paffes freely 
through the oblong aperture of HI. The tubed arboi, 
M N, of the large plate will receive a variety of arbors fuc- 
ceflively, each of which has a flit to receive the wedge 
already named, near N, while the nut N, turned firmly 
down on the wedge, fets the interior arbor, that carries 
the wheel to be cut, fall at the fhoulder 0, on below its 
fuperiorend. The interior arbor is, however, compofed 
ot two pieces, of which the upper part bears the wheel 
and is ferewed faft into the lower part between M 
and 0 . There is a great variety of the upper parts of the 
interior arbor to fait different central boles of different 
wheels, as well as different (boulders, or refting places, for 
the wheels to lie upon in a fteady manner, all which 
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would take fcveral plates to reprcfcnt, but may be eafily 
conceived to be only different fixes and fhapes of the fame 
thing; it may, notwithftanding, be right j uft to remark, 
refpefting thefe bearing pieces of the arbor, that the 
centering of the wheel does not depend on the ferew pan 
that enters the concealed arbor, but on a circular bed, M, 
made at the top of the lower half of the arbor, which a cor- 
responding circular piece of metal of the upper half, under 
the bearing fhoulder that holds the wheel, near O, exaftly 
fits, by which means the wheel is certain to be placed in 
the centre of the large plate, which is an effential condi- 
tion. The wheel, which is fecn with a few notches cut, 
is fattened by a collet preffed down on its plane, by a tapped 
nut ferewed from above the arbor. P Q is a brafs frame, 
embracing the folid cheeks G and F, and bearing the 
cutter and its arbor R, that has got a pulley on its pof- 
terior end, round which the cord of the firft mover goes, 
and to which it gives' the motion at firft produced by 
the foot; when the cutter is taken out to be changed, 
the end piece S, and a circular piece concealed at th'* 
oppofite pivot of the cutter arbor, are fet at liberty, 
by the tightening ferews, T and T, being turned back pro 
tempore ; a plan and fide view of one of the cutters, of 
which there is a great variety of fixes and fhapes, may be 
feen Jig* 2, of Plate VI., and the arbor difmounted 
and feparated into its parts in Jig; 5, of Plate V., of one 
half its real li2e, both which may be underftood by infpcc- 
tion of the figures, in the latter of Mrhich a is the pulley on 
the end of the arbor, b the part where the cutter is 
fixed by preffure of the tubed part e 9 urged by the nut /, 
when ferewed home. When the hand U, in Plate IV., 
is turned, which has a pinion on its arbor taking into 
a flraight rack, fixed to the part embracing the cheek C, 
out of fight, the whole brafs frame has a motion, up or 
down, as the handle may direft, which is always given it 
in the Operation of cutting each notch. This motion 
©f the whole cutter frame is made eafy and fmooth by 
eight feftoral pieces of hard polifhed ftcel aftiqg as friftion 
wheels againft parallel bars, attached to the cheeks, both 
within and without the faid cheeks ; of thefe feftoral pieces 
i, 2, 3, and 4 are feen, but the others, placed in their 
oppofite and correfponding places, are concealed from the 
view, by the intervening parts of the mechanifm. Behind 
Q, on the pofterior part of the cutter frame* is a box con- 
taining a fpring, with a chain fixed at its lower end to a 
piece of metal, not feen, between the cheeks and behind 
the cutter frame, which fpring balances the weight of the 
frame in any pofition, and renders the working pleafant. 
Near the charafter 3 is a perpendicular ferew feen, the lower 
end of which bears againft a folid piece fixed between the 
cheeks, when the frame is lowered fo much that the cutter 
is free from the wheel it is cutting ; which ferew is alfo the 
part of adjuftment for the exaft depth of a fpace in a con- 
trate wheel, while the barrel and chain limit the afeent. 
The whole of this cutter frame is attached to the hori- 
zontal parallelelogram HI, and is moved to or from the 
wheel to be cut, by a horizontal ferew on the arbor of 
handle V, which enters a tapped part of the metal under 
the cutter frame, and when the due diftance for making 
the teeth of a proper depth is afeertained, the whole of the 
moveable 'part of the engine is fixed faft in its given po- 
fition, by the clamping piece W, and crofted nut, that takes 
the ferew on the upper end of a bolt, patting up from below 
the top, A A, of the large fixed frame ; the clamping 
piece, W, has a dove-tailed proieftion under it, that enters 
421 d filln the breadth of the oblong aperture of H I* aad 
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keeps the piece at right angles thereto. X is the fixing 
index, or index -bar with a fixing point, that holds the 
large plate in a given pofition : this index-bar Aides into an 
odtagonai fockcrt Y, to which it is firmly fixed, when ue*‘ 
ceffary, by the thumb-ferew feen under it ; and near 
Y is a micrometer head divided into 30 divifions, Tor which 
a pin behind it forms an index ; by means of this micro- 
meter ferew the fixing index can be made to protrude, or 
retire, any given fmall quantity, and when its fixing point 
refts in one of the drilled holes of the large plate, it con- 
fequcntly takes the plate along with it, and alfo the wheel 
fixed at the top of the plate’s folid arbor. The focket Y 
has another oftagonal hole at right angles to the former 
one, which enables it to Aide along the oft ago mil axis Z, 
fo that the fixing point of X may approach to or recede 
from the centre of the plate, and be made to fall into 
any given divided circle ; the numbers of each circle arc 
laid down on the fmall oblong plate a 9 for which a line on 
the moving focket, Y, forms an index. This part of 
the apparatus belonging to the plate would have been 
fuflicicnt, if the operator were to take the trouble of 
counting the holes of divifion on the plate a3 he 
turns it in the a6l of cutting; but in thofe cafes where 
every fecund, third, or fourth, See. hole only is taken by 
the fixing point, in order to cut a wheel into one half, one 
third, one fourth, See, part of the number laid down in 
any circle, fuch counting is very troublefome ; therefore 
a curious addition of a moving index b 9 c is introduced 
to be a fuhftitute for the counting. This index turns on the 
arbor of the large plate, and has a Aiding point and thumb- 
ferew c 9 to fix it in any given hole of the circle chofen for 
the fixing point of X to reft in : d e is a Aiding flop* 
patting through a cock fixed to the part, A A, of the 
principal frame, and is held in any given fituation by the 
thumb-ferew over it ; and f g is anotYier ftop attached to a 
fecond cock, fixed in like manner to A A; which fecond 
ftop can be placed in various pofitions, by means of ks 
own Ait and two thumb-ferews, and alfo of the two Aits 
in the cock at right angles to the length of the ftop. The 
urc of the moving index is this ; when the fixing point 
of X is faft in its proper hole of any given circle, the 
moving index is brought fo near to it, that its point will 
fall into the next contiguous, or fecond next hole, in which 
fituation the inner ftop, dc 9 is brought to bear againft it and 
fixed, then the moving index, b c 9 is removed back over two* 
three, four, or as many holes as are to be counted at 
each aft of cutting a notch of the wheel, from the index 
X, and is put iuto the hole fo counted, in which fituation 
the outer ftop, f g 9 is brought to bear againft it and made 
faft ; now it is eafy to conceive, that if one hand were 
to raife the fixing index, X, out of its hole, whilft the 
other hand were to bring the moving index together with 
the large plate into which it is inserted, until it meets 
with the inner ftop d e 9 the point of X would then cover 
the hole counted, into which it might be permitted to fall 
at random, and it would find.its own proper hole under 
it ; then raifing the moving index from its hole, and 
moving it to the outer ftop, would place it over the hole 
to be next counted, into which it might alfo fall at ran- 
dom. Thus the operation might be repeated all round 
any given circle, while the flops would aft as counters* and 
the moving index as a handle to move the plate by; but this 
mode of ufing the indices would occupy both the hands of 
the operator, and would require a fecond perfon to turn 
the 1 handle U, and to attend to the cutter ; an appendage 
therefore to the moving index is added* which connects 
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the moving with the fixing index in fuch a way, that one 
hand is competent to manage the whole operation even 
without the eye being directed to the part, after the (lops 
are properly let, and the indices adjufted ; thus, at the 
part b of the moving index is a milled head, like a tlnimb- 
ferew in appearance, placed on the perpendicular fmall rod 
that pafies through this index freely, and attached to 
u lever /, that is moveable on a pin or centre of motion, at 
the inf .Tier end of the cock b f placed faff to the moving 
index ; this lever, i, pafies on, beyond its centre of motion, 
till it meets with a long lever under the plate, lying in 
the direction of the dotted lines palling by K on the 
plate ; this fecond or long lever is fall to the octagonal 
axis of focket Y, which, it has been faid, is alfo the axis 
of motion of. the fixing index X; it is eafy then to fee, 
that, when lever i lies under the lever of the axis Z, pufhing 
down the milled head, b t over the moving index, will raife the 
jixing index out of its hole, on the large plate, and fet the 
plate at liberty to move ; and alfo when the faid milled head, 
by is quitted, the fixing index will fall again into the hole that 
may happen to be under it, and will be kept clofe by the (crew 
/, prefling the long lever down by the intervention of the pin 
my at its extreme end ; all therefore that is neccfTary to be 
obferved in moving the plate, after the indices and Hops 
are properly adjufted, is, to prefs with the thumb of the 
left hand on the nut by before the moving index is carried 
forwards with the plate, and to let it go before the faid in- 
dex is made to return without the plate, for an hi tent ion to 
this particular raifes and lowers the fixing index alternately 
in the way, and at the times required^ When however a 
wheel is required to be cut into a number of teeth, not 
to be obtained from one of the divided circles alone, another 
operation becomes neceffary, to take or give a tooth or teeth 
to complete' the number delired ; this is done by the micro- 
meter head of the focket, Y, of* the fixing index, which 
will pufh the index out, or draw it in, any fmall afiignable 
quantity, and will confequently pufh on or draw bacK the 
whole plate a correfponding quantity, provided the mi- 
crometer be turned when the fixing point of X is in its hole 
of the divided circle that is ufed ; when this operation is 
neceffary at the cutting of every tooth, the moving index 
does not fall into a hole, but gradually advances to, or re- 
cedes from, its original fitnation, till it arrives at the next 
contiguous hole, when one tooth only is to be added or 
fubtrafted : but when more than one are required to com- 
plete the required number of teeth, the point of the moving 
index will gradually pafs over as many divided fpaces of the 
plate, from its original fituation, as there are teeth required 
to be added or fubtrafted ; fo that, if four teeth are to be 
gained. or loft by means of the micrometer, the moving 
point will traverfe one divided fpacc of the plate during the 
cutting of each quarter of the wheel, and in the fame pro- 
portion for any other number to be taken or given ; 
whence, at any period, during the aft of cutting a 
wheel into a number not inferted on the plate, it may 
be feen by infpeftion of the moving point, at what rate 
the gain or lofs is proceeding upon, which indication 
forms a good check upon the original calculation by 
which the micrometer is guided. This advantage, arifing 
from the point of the moving index having a progrefs or 
regrefs over the fupplcmentary divifions, is the more de- 
sirable in this engine ; becaufe, the fixing index which ought 
to be always a tangent to the divided circle ufed, and to 
have its point at a right angle to the central arbor of the 
plate, does not preferve the latter condition rigidly, when 
puihed out or drawn in ; which deviation render* the 
sending of the micrometer in praftice, lefs accurate than 
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the theory fuppofes; an obieftion from which the more 
complex mechanifm of Hindley’s engine is free. When 
a wheel of 142 teeth was cut on our prefent engine, in 
our prefence, from a divided circle of 140, nineteen turn? 
of the micrometer were found equal to a motion of two 
divided fpaces, as compared with the moving point, 
when left flationary againft the outer flop: therefore, an 
there arc 30 divifions on the micrometer head at Y; 19 x 30* 
or 570, were the whole divifions to be divided by the 
number 142, and gave a quotient of 4, with a remainder 
of ttt 5 confequently, after every moving of the plate for a 
new cutting, four divifions of the micrometer head were 
turned in a backward direftion, to leffen the iizeof the teeth, 
and to increafe their number in the proportion 142 : 1405 
but at two oppofite points of the wheel, the remaining two 
were interpolated, by giving five divifions inftead of four at 
each place ; the additional divifion on the micrometer, how- 
ever, made at each of the faid two places, made ho fenfi- 
ble difference in the fize of thofe teeth, nor would it have 
been of any importance, if the remainder, which was fo 
fmall, had been neglefted altogether. A limilar proeefs, as 
explained more fully in our account of I Iindley’s engine, 
mud be adopted agreeably to a fimilar calculation, for any 
other number of teeth to be taken in or left out by the 
aid of the micrometer. The original circles of the large 
plate were divided by Trough ton’s dividing-engine into the 
following numbers, viz. 720, 580, £04, 396, 367, 364, 3D0, 
276, 228, 192, 186, 170, 162, 1 56, 140, 128, and 1185 
to which have been fince added, at different times, the num- 
bers 274, 260, 206, 148, 136, 130, hi, 103, ior, 87, 83, 
74, 65, 47, 43, 41, and 37, fo that, by this engine, all 
numbers under 100 can be cut without the help of the mi- 
crometer, except 07, 95, 89, 88, 79, 77, 61, 53, and 49. 

When our prefent engine is ufed to cut pinions on their 
arbors, a fleel perpendicular bar defeends from a beam in the 
room direftly over the centre of the plate, and holds flic up- 
per end of the arbor fleady, while the lower end is made 
fail to the revolving arbor. There are alfo man)' other ufcful 
appendages to the engine, fome of which merit a parti- 
cular description and correfponding drawings, which we 
have obtained. 

Fig. 1, of Plate V. is a detached cutter frame of one- 
fourth of the real fize, to be ufed occafionally when a 
wheel is wanted to aft with a worm-ferew, in w r hich cafe 
the teeth are required to be a little inclined from the 
axis to the right or left, accordingly as the ferew' is a 
right or left-handed ferew. When this cutter frame is 
uled, it is attached to the cheeks G, F, in Plate IV., 
without difturbing the frame already attached. A B is 
a ftrong brafs plate w r ith two forked pieces, C, I), pro- 
jecting back from its pofterior plane near the top 5 thefc 
forks enter over the Aiding frame S Q, in Plate IV., and 
embrace the two tapped ftuds n and p not feen, within the 
cheek, by which they are held faft when preffed by the 
tapped nuts of the faid ftuds ; at A, the bottom of the plate 
A B, in Jig. 1, of Plate V., is a ferew which enters the fmall 
tapped hole, near I, on the Aiding piece H I, in Plate IV., 
and a correfponding ferew at the other fide, out of fight, 
holds the fourth or oncealed corner of the faid plate 
A B, fo that ttaa plate, when thus attached, may be 
confidered as a part of H I, in Plate IV., behind which 
additional plate the common cutter frame is concealed, 
and remains ufelefs for the time. E F is a fecond plate 
of brafs of nearly a fcmicircular Aiape and graduated on 
its periphery ; this fecond plate is attached to the former 
one, A B, by two tapped bolts paffing through the long 
opening G, and made faft with nuts at jE and V, by which 
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means this fecond plate can be placed at any given height 
on A B, and a motion, which it lias round E, at a 
centre, allows of its being placed to any angle of obliquity 
marked on its periphery ; the circular flit at E, allowing 
the upper or fixing bolt to pafs along it to any re- 
quired pofition, before it is fixed by the nut : the cutter 
frame, HIKL, moves on pivots in the feet of E F, near 
A and K, which pivots are turned out of an horizontal 
line to the right or left, by the obliquity given to the 
plate E F, and confequently the cutter arbor, L I, has alfo an 
obliquity, which makes the cutter at the middle of it 
cut the notches in an oblique diredlion ; this cutter, how- 
ever, having but one centre of motion, or rather one pair 
of centres, cuts the bottom of the notches of a wheel 
in a circular direftion. The arbor of the cutter has a 
pulley which gives it motion, and the two pulleys, a and 
% , over it have no other ufc, but to direft the cord to the 
larger diftant pullies, not fhewn in the drawing. When 
the plate, E F, is adjufted to zero, or horizontal line, it 
may be ufed for cutting ordinary wheels, but is liable 
to be difplaced by accident or jerks in cutting; therefore is 
ufed only for wheels with oblique teeth. The French engine 
recommended by Beithoud, as made by Hugot has, not- 
withftanding, no other cutter frame but that which is ad- 

i 'uftable for obliquity. The vertical ferew, d, is a reft for 
imiting the depth of the fpaccs of contrate wheels in 
cutting, and alfo for flopping the defeent of the frame 
further than is neceflary in cutting other wheels : the 
opening B of the plate A B feems to have no other 
life, except for the eye to look through at the cutter, 
when the workman Hands behind the cheeks to turn the 
firft moving wheel of the cord, which wheel, we remarked, 
is not very conveniently placed to confult the eafy pofition 
of the body, during the aft of cutting. This frame being 
attached to the Aiding part H I, of Platt IV., is of courfe 
capable of the adjuftment for diftance from the arbor of the 
plate, on which the wheel is placed, that requires to be 
cut. 

Fig, 2, of Plate V. is a reprefentatiun of the apparatus 
for cutting the interior edge of an annular wheel, inch as 
is ufed in a theodolite, and folar microfcopc, &C. of J of the 
aftual lize. A B is the ring, or annular wheel to be cut, 
which is fixed to the top of the arbor by means of the 
wooden chuck, on which it was turned in the lathe, and 
abed is a fliort frame for the cutter e 9 and cutter-arbor, 
feen detached in two pieces in Jig, 3 of £ the real fize. 
This fmall frame is attached to the face of the cuU-t frame 
in Plate IV. 5 its arbor, a by enters the hole of the arbor 
at S, and an oppofitc hole not feen in Plate IV., after the 
arbor, R, has been previoufly removed, and h made faft by 
the two f crews x and x , entering the holes c and d 9 of 
Jig, 2. Plate V. ; the interior teeth arc then formed by the 
fmall cutter, by a procefs fl.nilar to that of cutting the 
exterior teeth of a wheel in the ordinary wav. 

Fig . 4, of Plate V. is a contrivance of 3 of the real fize, 
for cutting a rack into any number of teeth per inch, by 
the aid of the engine plate and common cutters, thus ; 
A and B are two ltrong cocks ferewed faft to the oppoiitc 
(ides of H I, already deferibed in Plate IV. ; C is a piece 
of metal forming a bed for the oblong bar, 1) E, to reft 
on ; this bar, which is a rack already cut, is placed with its 
teeth in aftion with a wheel of 74 teeth nicely rounded, 
that is attached to the arbor of the plate in the ufual way ; 
tinder the bar D E, and faft to it, is a rib parallel to its 
(idea, moving eafy in a correfponding long groove made in 
the bed, C, to receive it, the motion 0 ? which is made 
finooth by fri&ioa wheels interpofed and borne by the bed * 
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the bar, D E, has a great number of holes drilled and 
tapped in it, that the moveable corks or clamping pieces, 
F, F, and F, may fix any bar, G, to be cut into the re- 
quisite rack $ when the mechanifm is thus arranged and pro- 
perly fixed, the motion of the wheel, caufed by moving the 
iubjacent plate, a given number of holes of any circle fixed 
on, will carry the racked bar D E, and bar G along with it, 
over the bed a certain diftance, between the cutting of each 
fpace of bar G, and this diftance may be made y^th, T Vth, 
or j^th of an inch, according to the number of divided 
holes on the plate, paffed over by the moving index, be- 
tween each operation of cutting. 

Theft* three appendages render the engine competent to 
cut teeth in all ways, and on all wheels and bars that are in 
ufc in mechanical contrivances ; but the teeth thus formed 
with ordinary cutters, are in the fhape of parallelograms, 
and require to be rounded by hand with a file or files of 
different coarfenefs and (hape ; the contriver, in common 
with other workmen, had experienced the inconvenience 
attending the fmifhing, both as it was a laborious operation, 
and liable to produce irregularities in the iliape of the 
tooth, on which the equable tranfmifllon of power and 
velocity entirely depend, in clocks, watches, and other 
delicate machines ; he therefore conftrufted his cutters in 
fuch a way, that they rounded the teeth at the fame time 
that they cut the fpaces ; this invention is very important 
to the fucr-ffsful application of racks and wheel-work in 
many cafes, where a good fhape of the tooth is indifpenfa* 
ble, and has been claimed by both Rehe and the late inge- 
nious Merlin ; but which of the two, if either, was the 
real inventor, remains to be decided. 

Plate VI. oj' Engines , contains the drawings *)f fome 
cutters to anfwcr the purpofe of rounding the teeth during 
the aft of cutting, and alfo the apparatus for forming the 
cutting edges and for fharpening them when blunt, which 
apparatus is indifpenfably ncceffary to accompany the engine 
when Jin i/hi ng cuttersy as we fhall henceforth call them, are 
adopted in praftice. 

A A, in jig, is the front fide of a wooden bench, to 
which a foot wheel, as a firft mover, is fixed out of the 
drawing, and B B is a fmall frame attached to its inferior 
plane ; C C C is a fpecics of fmall lathe, with a three- 
grooved pulley revolving on a folid arbor, together 
with the arbor itfelf ; this lathe is attached to the brafs 
plate D D, and by means of it ferewed fall to the wooden 
bench A A ; at the exterior end of the arbor that bears 
the pulley, is fixed a circular copper plate, E, with its 
plane at right angles to the faid arbor, which plate con- 
sequently revolves with the pulley, when the foot wheel 
gives motion to the cord that embraces it : juft above the 
brafs plate, I)D, of the fmall lathe, lies parallel thereto 
another ft l onger hut fmaller plate, F F, attached to and 
borne by a fide plate, G G G G, that fits the frame under 
the bench, and Hides up or down to nearly the height re- 
quired in life, in which it is fixed by the thumb ferew at H, 
under the bench ; at the ends of the plate F F, which we 
will call the bed of the cutter frame, or frame for holding 
the cutter while grinding, are two crofs bearing pieces near 
F and F refpeftively, on each of which are cut three femi- 
circular notches, fome of which are feen at a, a> and a ; 1 1 
is the horizontal plate of a cutter frame refting on the hori- 
zontal tapped wire, K, that has got a milled nut fax wing 
upon the tapped part beyond the bed F F, and has its oj>- 
pofite bearing end concealed under the other parts ; this 
plate, 1 1* may be fixed to any part of the bearing wire, K, 
by the thumb ferew b t and will have a little circular motion 
round the wire, to the right or left, when not held in the 
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hand, or nicely balanced ; above this plate, 1 1, lies a 
Hill fmaller plate, L, that bears the cock M, and another 
fimilar one concealed, but oppofite to it ; which fmall 
plate, L, is moveable round a centre of motion under it, 
on the iu»xt fubjacent plate I 1, but can be fixed in any 
given pofition by the thumb fcrew at L, agreeably to the 
graduations marked near its extreme end, beyond the 
circular groove penetrated by the thumb-fcrew, for which 
graduations a line on the fmall cock, d 9 conftitutes an 
index : into the cock M, and the one concealed, pafles an 
arbor not feen, that may be called e 9 which is capable of 
being fixed by prefling lcrcwo at the exterior Tides of the 
laid cocks ; acrols this arbor, e, at right angles, is a 
long hole, or tube, into which the cutter arbor is inferted, 
and fixed by a prefling fcrcw N ; fo that the plane of 
the cutter may be made either horizontally parallel to the 
copper circle E, or to Hand in an inclined direction : 
accordingly as the arbor, e 9 is turned more or lefs 
round before it is fixed by its prefling ferews at M, and 
at the oppofite pivot ; while the thumb fcrew at L, by 
the help of the graduations near it, fixes the planes of the 
cutter and circular plate, E, vertically parallel, or at any 
given angle of reciination to each other, as the fhape of the 
ading faces of the tooth may require ; the nut at D 
limits the proximity of the cutter to the circle E. In the 
prefent pofition of the cutter, its plane is fmoothed by 
emery fmeared over the copper circle, as the arbor revolves, 
and while the plate, 1 1, has a circular motion given it 
backwards and forwards by hand, round the bearing wire K, 
which alternate motion carries the cutter acrofs the plane 
of the grinding circle E. and aflifts the grinding ; upon 
the arbor e 9 not feen, is a fecond divided fcale of a circular 
fhape, like a micrometer head, by means of which the 
fituation of this arbor, and confequently of the cutter’s 
plane, is adjufled before the prefling ferews are made quite 
fafl ; and a fmall gauge, near f 9 like a fmall leg and foot, 
moveable at its knee, on the cock, p relents its heel to a 
tooth of the cutter, and limits its pofition in fueh a way, 
that each fucceeding tooth to be fharpened may be fixed, 
by the prefling ferews, in preoifely the fame fit nation 
while they are refpedively fharpened. By the help of 
thefe various adjullments of the plane of a cutter, luch, 
for inflancc, as is feen in two views in Jig. 2, the preceding 
or cutting part of each tooth is made thicker than the 
following part, and alfo the part at the periphery thicker 
than the part nearer to the centre, which fhape makes the 
cutter clear itfelf in the fpace it cuts as it advances, a con- 
dition that experience has proved to be neceflary in forming 
or fharpening a cutter When one plane of each tooth of a 
cutter has been gone round, the planes are reverfed, and 
the cutter fixed as before by the help of the feales, gauge, 
and ferews, and then the former procefs of grinding the 
teeth fmgly in fucccfliou is repeated. 

When the plate 1 I, with its appendage, which together 
we have called the cutter frame, is lifted out of the femi- 
circular notches or bearings on the ends of the bed F F, 
and is laid afide ; another nearly fimilar frame, feen in Jig. 
3, is put into its place, with the parallel wires, a 9 a , and 
a, refting in the faid femicircular notches, as in fig. i, are 
denoted by the fame charaders 5 in this fituation the nut, 
1 ), in jig . 3, falls in the place of nut D in Jig. 1, and anfwers 
the fame purpofe of adjuftment for proximity of the cutter 
to the grinding circle E 5 the fmall upper plate, L, is alfo 
nearly the fame as in jig. 1, both as to its politious and 
ufes, where alfo the index line of the fmall cock, d , points 
out the degree of obliquity on the graduated fedoral part ; 
but here the frame is not r Angle plate 1 1, reHing on the 
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bed as in jig . 1, but has a motion round the pivots h and /;, 
placed on another plate that bears the wires a f a, and </, fo 
that the two plates may be made to open, and form a 
blunt wedge, by turning the fcrew i f which bears on the 
lower plate with its point, and is tapped into the upper 
plate, after .which adjuftment for height, which cannot 
be made nicely by Aiding G G G G only, the pofition is 
rendered permanent by the fixing nut, /, that takes a tap- 
ped ftud fixed to the lower plate. In this figure, the arbor 
that holds the cutter is in the filiation of the arbor 0, 
jig. 1, which we faid cannot be feen ; and the ends of the 
teeth are prefented to the grinding face of E, which po- 
fition of the cutter could not be attained by the mechamfm 
of jig. 1. On the cocks that bear the pivots of the cutter 
arbor, are fixed two fmall cannons, on which the bent arms, 
m and m, revolve, and are fixed by the preffing ferews n and 
n ; the play of the arbor is limited by the two thumb- 
ferews 0 and 0, fixing the ftops in their refpedive places ; 
and a wire, i 9 conneded with the arms m and m, forms 
the centre of motion of the leg or gauge, which is here 
better feen than in jig. 1, and performs a fimilar office. It 
is hardly neceflary to add, that after each tooth is pointed 
in this way, the fixing ferews m and m, and alfo the gauge 
f 9 are releafed for the moment, and brought back again to 
their original fituation at the adjuftment of every fuc- 
ceflive tooth to the grinder. 

For fharpening the front edge of a tooth, the cutter 
muft be reverfed, the bed lowered, and the nut, D, turned 
back, till the pofition, reprefented in jig. 4, be obtained ; in 
which the teeth are fuceflively ground as before directed. 

The mechanifm abov'o deferibed is all that would be 
neceflary, if the tooth of the cutter were made by ftraight 
lines to cut teeth of a fhape like a parallelogram, but to 
round them at the fame time required another addition, 
which remains to be deferibed. 

In jig . e, are feen two different views of a cutter, fuch as 
will round the teeth and cut them at the fame operation, by 
means of the Tides of the cutter’s teeth being formed into 
curves 5 thefe curves ought to be epicycloids, or involutes 
of a circle to conftitute a tooth of any wheel of the exad 
fliape requifite for the equable tranimiffion of power and 
velocity, and thefe curves Ihould vary in fhape with the fize 
of the wheel compared with its pinion or fellow-wheel; but 
fuch niceties cannot be obtained in pradice without almolt 
infinite trouble; therefore the fame cutter, once fhaped 
and fharpened, is ufed for wheels of different diameters, 
where its thicknefs is found proper. Fig. 6, fhews haw 
the fide curves of the cutter’s teeth are formed, where a 
cylinder of copper is fubftituted in the fmall [lathe C CC, 
jig. r, for the arbor and circular plate E 5 Jig. 3, is then ap- 
plied to the bed F F, and the fide of the tooth is adjufled 
to touch the fide of the cylinder as it revolves 5 thia 
mode of application would make the curve circular if the 
cutter-arbor were to ftand at right angles with the grinding 
cylinder ; but as any degree of obliquity can be given, by 
undoing the thumb-fcrew b 9 and moving L, the pofition 
ought to be fuch as to make the tooth reft obliquely againft 
the cylinder, more or lefs, as the fhape may require, in 
which cafe an elliptic curve, inftead of a circular one, ia 
formed on the edge of the cutter, by reafon of the oblique.- 
fedion of a cylinder forming an ellipfe, which curve ap- 
proximates nearly to the fhape required in a given degree 
of obliquity, and may always be ufed when once deter- 
mined. When the curves on one fide of each tooth of the 
cutter are thus formed, which are affifted by a motion 
lengthwife of the frame in the bed* while the wires a, a t 
and <ij Aide in their bearing notches, the planes of the 
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gutter are reverfed and the oppofite correfpondin? curves 
urfc formed in a funilar manner. Cutters of this kind not 
only facilitate the labour of making wheels, but render 
them more perfeft than manual filing can polTibly do ; and 
it is to be regretted that clockmakers in general will not 
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go to the additional expence of having them thus formed. 
Thus, each of the two engines wo have deferibed, have 
appropriate advantages ; and we think it would not be dii* 
lie ult to conftruft one that would unite the advantages of 
both, and be preferable to either. 
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Cyder 


CYDER, in Rural Economy > is a fruit liquor prepared 
by means of fermentation, fto.n the cxprtflVd juice of dif* 
fcrent forts of apples. The procefs by which this liquor 
is formed has much fimilarity in all the different diltrids 
where it conftitutes an objeft of the farmer, though there 
is much diverfity in regard to the care and management 
which are beltowed upon it. 

The varieties of apples which are grown and cultivated 
in the various fruit dillrifta of the kingdom, with th ; s inten- 
tion, are extremely numerous ; but by fome it is fuppofed 


that all fuch as have a yellow or light red ground, are tinged 
with red (freaks on the fun fide, having a fmart acid flavour, 
with a firm juicy parenchyma and an aromatic flavour, what- 
ever the name may be, are unqueftkmbjy proper for cyder. 
It has, however, been remarked by Mr. Knight, that the 
properties which are eflential for cyder and the table are 
rarely met with in the fame fruit. That degree of firmnefa 
which is neceffary in the eating apple, is uielefs in the cy» 
de^ fruit ; and colour, which is d’frcgarded in the former, 
is among (t the mod important qualities of the latter. Some 
degree of aftriogcncy, which u prejudicial in the eating 
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fruit, is conceived beneficial in that made ufe of for cyder# 
In Devonfhire, according to Mr. Vancouver’s Survey, a 
rich fweet fruit is generally preferred for the purpofe of 
cyder, while in others thofc which have more aftringcncy 
are held in the highelt cllimation. See Apple, Apple- 
*1 rek and Orchard. 

Gathering the Fruit .— In the bufinefs of gathering the 
fruit for this liquor, much care (hould be taken that it be 
fufficiently ripe before it is removed from the trees, other- 
wife the cyder will be harlh, rough, and unpleahut in its 
fade, in fpite of any thing that can be done itt the procefs 
of making it. The molt certain indications of ripenefs, 
according to Mr. Crocker, are the fragrance of the (mell, 
and the dropping of the apples from the trees in a fponta- 
neous manner. 

The molt early ripe fruits {hould, of courfe, be firft ga- 
thered, but as on the fame trees the fruits rarely become 
tqually ripe at the fame period of time, it is found necef. 
to throw them together into large round heaps in the open 
air, as noticed below, in which ftate they are fullered to 
continue for fome time, until a fort of furcating or fermen- 
tation has been brought on, which induces a fimilar ftate of 
inellownefs and fitnefa for grinding in the whole heap. 
This method, however, which requires much judgment in 
dtre&ing it, does not, even under the molt careful manage- 
ment, always anfwcr the purpofe ; therefore the nearer the 
apples approach towards perfeft ripenefs the better, as their 
juice is the more rich. 

Mr. Crocker advifes that in a dry day, when the fruit 
has acquired fuch a ftate of maturity as to be ready to drop 
from the tree, that the limbs or branches of it (hould be 
ftightly fhaken, and difburthened in a partial manner of its 
apples, thus taking only fuch as are in a ripe ftate, leaving 
the others to acquire a due degree of maturity. It is in- 
deed fuggefted as proper to make three gatherings of the 
crop, keeping each of them by itfelf. 

The latter gatherings, as well as the wind-falls, can, 
however, only be employed in making inferior cyder : the 
rime cyder muft be drawn from the firft. gatherings which 
avc been made. 

According to Mr. Knight, the merit of cyder will always 
depend much on the proper mixture, or rather on the pro- 
per reparation of the fruits. Thofe whofe rinds and palp 
arc tinged with green, or red without any mixture of yellow, 
as that colour will disappear in the fiift ftages of fermenta- 
tion, ftiould be carefully kept apart from fu«.h as are yellow, 
or yellow intermixed with red. The latter kinds, which 
(hould remain on the trees till ripe enough to fall without 
being much fhaken, are alone capable of making fine cyder. 
Each kind fhould be collected ftparately, as noticed above, 
and kept till it becomes perfe&ly mellow. For this pur- 
pofe, in the common pra&ice of the country, they are, as 
Hated above, placed in heaps of ten inches or a foot thick, 
and expoftd to the fun and air, and rain ; not bung over- 
covered except in very fevere frofts. The ftrength and fla- 
vour of the future liquor are however, he fayi, increased, 
by keeping the fruit under cover fome time before it is 
ground ; but unlefs a fituation can be afforded it, in which 
it is expofed to a free current of air, and where it can 
be fpread very thin, it is apt to contraft an unpleafarit 
fmel), which will much affeft the cyder produced from 
it. Few farms are provided with proper buildings for this 
purpofe on a large Icale, and the improvement of the liquor 
will not nearly pay the expence of ere&tng them. It may 
rc&fonably be fuppofed that much water is abforbed by the 
fruit in a rainy leafon ; but the quantity of juice yielded 
by any given quantity of fruit will be found to dimu&ilh as 
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it becomes more mellow ; even in very wet weather, pro* 
vided it be ground when thoroughly dry. The advantages 
therefore, of covering the fruit, will probably be much lefs 
than may at firft fight be expefted. No criterion appears, 
the writer fiys, to be known, by which the m^ft proper 
point of maturity in the fruit can be afeertained with accu- 
racy ; but he has good reafon to believe that it improves as 
long as it continues to acquire a deeper (hade of yellow. 
Each heap fhould be examined prior to its being ground, 
and any decayed or green frui: carefully taken away. The 
ex pence of this will, he obferves, be very fmall, and will 
be amply repaid by the excellence of the liquor, and the 
care with which too great a decree of fermentation may be 
prevented in the prnc\isof making it into cyder# 

Mr. Crocker has hkevwfe remarked that thecyderift, who 
would be particularly curious in his prime liquor, (hould 
hand-gather his fruit, and keep the forts feparate one from 
another : hut as this would be troublcfon.e, expenfive, 
and in a full feafon wholly imprafticable, the general crop 
may, at different times, be fhaken down, and colledted 
from the ground. Fruit of equal ripenefs, and whofe qua- 
lities are neirly alike, ftnu d be ht?p^d together, to melio- 
rate their juices, or, in other words, to perttft the faccha* 
rme fermentation. How this is beft done, cyder- makers are 
not, the writer fays, agreed : fome, fays he, judging it al- 
together unnectffary to ketp them at all, if iuffi.*ient time 
be allowed for perfecting the i'iccharine fermentation on 
the tret: fome confidcriug it beft to fwtat them m clofe 
lofts, wliillt othtrs allege, that the open air is the only 
place where they ought to be heaped. Experience, how- 
ever, fhould, he thinks, teach us that molt apples re- 
quire time for t heir being mellowed, to attain their higbeft 
flavour; and, until this mellowing be ptrfc&cd, their 
juices are not in rhe belt Rate pufiiblc for being converted 
into cyder-l quor. 

However, pbilofophy has (h* wn, be thinks, that fermen- 
tation is never improved by hall cuing the operation with 
Um much h at ; nor pwi feded in due time under too great 
an expofurt to cold. I* would be well, t lieu fore, fays he, 
if apples, when gathered from the tree, ver? placed in 
open fheds, having boarded fl >ors, in heaps or layers of 
ten or twelve inches dt'p ; the hard and haifh fruits might 
probabl), lie fnppofeo, belaid in heaps of greater depth ; 
the foils to bt kept f parate, as much as the nature and 
conveniences of the (beds will allow : at any rate there muft 
be a mixture of apples in the fame heap; let them, fays the 
witter, be fuch as arc of qualities nearly alike, and which 
are of equal ripenefs at the time of gathering, but on no 
account fhould fweet and four fruit be heaptd together. 
To fome cyderifts it may, fays he, have appeaici innecef- 
fary to keep the different forts of apples feparate, but it is 
of importance fo to do: and the trouble is very little, as 
has been obferved, compared to the advantages which will 
hereafter rcfult from a regular fermentation of the juices. 
The impropriety of holding and laying apples in very large 
heaps muft, the writer thinks, be manifelt to every think- 
ing mind ; more efpccially when in the fame room are found 
all forts ; fweet, four, harlh, gtnerous, ripe, end unripe, 
thrown promifeuoufly together ; where fome are rotten be- 
fore others are mellowed. And what muft the liquor be, 
he afks, which is expreffed from fuch an heterogeneous 
mafs l 

In refpeft to heaping, the author of the Survey of 
Gtoucefterftiire well remarks, that though it may improve 
unripe fruit, it cannot communicate the richnefs found in 
that which is fully ripened. And that the effed which is 
thus produced on thofe which are heaped in » very green 
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aid unripe ftate, is rottehnefs, in which condition very 
few arc capable of communicating an unpUafant flavour, 
even to a very large quantity of the liquor, especially where 
they have become of a black appearance. 

Suppofing, fays Mr. Crocker, that the fruit, which is 
of different forts and qualities, has been kept fepatate from 
one another a few weeks, it will be perceived that fome of 
the prime forts are in a proper ftate of maturation ; that 
the pulp has acquired ita higheft degree of richnefs ; the 
kernels affumed their browneft colour; the rind ftill free 
from any appearance of rottennefs; and that they readily 
yield to the prtffure of the thumb : then is the time, fays 
he, and fuch is the fruit to be employed in making prime 
cyder : every neceffary utcnfll muft now be fet in ordtr : 
the mill, prefs, tubs, calks, pails, and bowls, clean walked, 
and fuffered to dry before they arc employed in the bufi- 
nefs. 

The able writer of the Agricultural Report of the County 
of Glouceilcr very ftrongly and very juftly reprobate^ the 
too common practice of thofe 'who indifcriminately, and 
without any regard to the maturity of the fruit *• run over 
the whole orchard with the beating pole, or ‘lug* and bring 
down every apple within their reach," as thus beating the 
trees before the fruit is nearly ripe is not only injudicious in 
refpc& to the cyder, but injurious to the fucceeding year’s 
crop of fruit ; the bearing buds for the next feafon being 
formed early in the fummer near, and even attached to, the 
growing fruits. Of courfe, the beating of the trees, un- 
lefs where the apples feparatc with facility, muft of nccef- 
fity bring off the buds which nature had provided for the 
cnluing year, with them. And he adds that, “ after an 
operation of this kind the ground is ftrewed with thefe 
buds, to an extent fcarcely to be conceived by thofe who 
have not witneffed it." The pra&ice of the molt careful 
farmer is therefore, he fays, to have the trees “ fhaken limb 
by limb, by a perfon up in the tree," only fuffering the few 
that remain to be beaten off, and occafionally even allowing 
them more time to ripen, which he confident by far the belt 
practice, except that of fullering them to fall of their own 
accord, as fecuring a regular fermentation with ltfs keep- 
ing- 

Grinding :he sipples. In the bufinefs of grinding the fruit 
for this uie, into what is termed pommage, fcveral different 
methods are practiftd : but thofe rroft commonly in ufe are 
the bruifmg-ftonc, with a circular trough, and the apple- 
mill. In the fir ft of thtfe methods tne apples aie thrown 
into the trough, and bruifed by the motion of the Hone, as 
it is moved round by a horfe, in the ufual way that tanners 
grind their bark. This is a very ancient method, and 
which is ftill in ufe in fome parts of Devon Ih ire ; and al- 
though it has ‘its inconveniences, in bruiling fome apples 
too much and fome too little, it is not without its ad- 
vocates in thefe parts of the country ; the inhabitants of 
which allege, that it bruifes the kerne’s of the fruit bet- 
ter than other machines. Although it muft be admitted, 
that the kernels poffefs an agreeable aromatic bitter, yet it 
has been held questionable if thty impart any perceivable 
beneficial quality to the cyder. Be this as it may, ceruin 
it is, that this method of converting apples to pommage 
by the trough and ftone has, in the laft fifty )eare, much 
given way to the apple-mill. 

The author of the treatife on the apple and the pear lias 
remarked that when iron mills have been tried, this metal 
Has been found to be foluble in the acid of apples, to which 
it communicates a brown colour and an uupleafant tafte. 
No combination has, he believes, been afeertained to take 
place between this acid and lead ; but as the oxyd or calx 
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of this metal readily ditTolves in f and communicates a* 
extremely poifonous quality to, the acetoua juice of the 
apple, it ftiould, he thinks, never be fullered to conic iu?o 
contact with the fruit or liquor. In the conftru&ion of 
thefe mills, there are various methods had rc courfe to in re- 
gard to their motion or moving powers, fome being worked 
by hand, fome by horfes, and others by water. The horfe 
and water powers have obvioufly conlidcrably the advan- 
tage in the Quantity of work that is capable of being per- 
formed ; but the hand method is fuppofed capable of re- 
ducing the pulp into a ftate of greater fuicncfi, where th * 
latell improvements in mills of this kind have been adopted. 
See Cyder -il/;//. 

It has been fuggefted in the Herefordlhirc report, that 
each fort of apples ftiould be ground feparately, or at lead 
fuch forts in mixture as become ripe at the fame time 5 but 
on the authority of Mr. Appefley of Withington and other 
manufa&urers, it is Hated, that the former practice is that 
by which “ fine cyder of different flavours and degrees of 
ftrength is obtained, from the fame orchard, the liquors 
being mixed after they are made." It is however allowed 
that u in all common cafes," the pra&icc of grinding 
different varieties of fruit equally ripe, together, is found 
eligible ; as it is ltfs difficult to find the requifite degrees 
of richnefs, allringency, and flavour, in three varieties, than 
in one. And hence it is fuppofed that cy tiers made from 
the juice of mixed fruits under common management, ge- 
nerally fuccced with greater certainty, than thole from only 
one kind. In the grinding, the fruit Ihould be reduced as 
nearly as poffible to an uniform confidence, in fuch a manner 
as that the rinds and kernels may be fcaicely difcerniblc 
from the general mafs ; the operation proceeding (lowly, 
with a free accefs of air. ' The quantity of fruit which is 
ufually throtvn into the cittern at one time to be ground, 
is about two bufhrls in the large mills. 

Pr effing the ground fruit . — It is remarked by Mr. Crocker, 
that cyderifts are not agreed in opinion, whether the pom- 
mage Ihould immediately after grinding be conveyed to the 
prefs, there to be formed into a kind of cake, or what is 
fometimes called the cheefe ; or whether it ftiould remain 
fome time in that ftate before prefling. Some fay it Ihoiihl 
be prefled immediately after grinding ; others conceive it 
belt to fuller it to remain in the grinding trough, or in 
vats employed for the purpofe, for twenty-four hours, or 
even two days, that it may acquire not only a rednefs of co- 
lour, but alfo that it may form an extract with the rind and 
kernels. Both extremes are, he thinks, wrong. There is 
an analogy, he fuppofes, between the making of cyder from 
apples, and wine from grapes ; and lb« method which the 
wine-maker purines ought, he thinks, to be followed by the 
cyder-maker. When the pulp of the grape has lain fome 
time in the vats, the \intagcr thrufts his hand into it and 
takes fome from the middle of the mafs ; and when he per- 
ceives by the fmell that the lufeious fweetnefs is gone off, 
and that his nofc is affefted with a flight piquancy, he imme- 
diately carries it to the prefs, and by a light p re lb ire cxpreiTea 
his prime juice. In like manner Ihould the cyderijl determine 
the time when his pulp ftiould be carried to the prefs. If 
he carry it immediately from the mill to the prefs, he might 
lofe fome fmail advantage, which may be expected from the 
rind and kernels, and nia liquor may be of lower colour than 
he might wifti. If lie fuller it to remain too long un- 
prefl'cu, lie will find to his coft, that the acetous fermen- 
tation will come on before the vinous is perfe&ed $ cfpe- 
cially in the early part of the cydcr-making feafon s. He 
will generally find, he thinks, that his pulp is in a fit 
ftate for prefling in about twelve or fix teen hours. If 
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fie mud, of neeeffity, keep it in that date longer, he will 
find a fcnfible heat therein, which will engender a pre- 
mature fermentation ; and he. mu ft not delay turning it 
over, thereby to expofe the middle of the mats to the in- 
fluence of the atmofphere. Mr. Knight, however, thinks 
it (hould remain twenty-four hours before it is taken to 
the prefs. And the writer of the u General view of the 
ftate of agriculture in the county of Gloucefter,” (hues that 
there the pulp is either immediately carried to the prefs, or, 
which is better, laid up in tubs or open calks for twenty- 
four hours ; by which the colour is improved, and by the 
digeftion which takes place, a more intimate union of the 
rind, kernel, and ftalk juices are produced, cfpecially when 
again carried to the mill and reground. See Cyder •Prefs. 

The ground fruit or pommage being now in a proper 
flate, it is carried to the profs, and a fquarc cake or cheefe 
made of it, by placing very clean fweet ftraw or reed be- 
tween the various layers of pulp or pommage ; or by 
putting the fame into hair-cloths fpread upon the vat, and 
placing them one on another. They are turned up on the 
fides and corners over the pulp, fo as to nearly meet in the 
centres. They arc laid very even, ten or twelve being often 
applied over each other in regular layers, the fquare frame 
of the prefs being raifed with them, keeping the pile to an 
uniform fize. Upon the whole, a ftrong board is placed, 
wider than the pile, on which the blocks of the prefs reft. 
It is of importance that the draw or reed, where they are 
ufed, be fwcct and perfedly free from any fufti^efs, left the 
cyder be impregnated therewith. Particular care ought 
alfo to be taken to keep the hair-cloths fweet, by fre- 
quently walking and drying ; or the ill effeds of their 
acidity will be communicated to the cyder. To this cake 
or cheefe, after ftanding a while, a flight prefTure is at 
firft to be given by lowering the ferew of the prefs, which 
mud be gradually increafed as the cakes become dryer, until 
all the mull or juice is exprefled, which is ufually completed 
by the long lever and windlafs: after which, the juice mud 
be /trained through a coarfc hair fieve, to keep back the 
grofs feculencies of the juice, and be put into proper veflels. 
Thefe veflels may be either open vats, or clofe calks ; but 
as in the time of a plentiful crop of apples, a number of 
open vats may by the cyderift be conlldered an incum- 
brance in his cyder-rooms, the mull fhould be generally 
carried immediately from the prefs to the cade. The prefled 
pulp or cheefes, as they are termed, on being removed from 
the prefs and taken out of the cloths, are thrown away, 
when not defigned for further ufe ; but when the crops are 
fcanty they are fometimes laid by in foine places, to be af- 
terwards reground with water, from which is afforded a 
liquor of weak quality, which is denominated in fome places 
twnjhings, but of fufficicnt llrength to render it fit for family 
ufe ; as notwithflanding the utrnoft attention in grinding, 
and the greateft exertion of the prefs, fome portions cf the 
fruit remain unbruifed, ■which contain juice in an uncx- 
prefled ftate. It is found that the refidue of a quantity of 
fruit, fufficient for making three hoglheads of cyder, is capa- 
ble of yielding about one nog/head of walkings. » 

Fermenting , rachingy and cajking the liquor . — Thefe are 
the next operations to be regarded in the manufadure of 
this liquor. It is fuggefted by Mr. Crocker, that cyder 
making is thus far a mere manual operation, performed with 
very little fkill in the operator ; but that now it is that the 

f reat art of making good cyder commences : nature foon 
egins to work a wonderful change in this foul-looking, 
turbid, fulfome, and unwholefome fluid ; and, by the pro- 
cefsof fermentation alone, converts it into a wholefome, 
vinous, falubrious, heart-cheering beverage. He thinks 
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that philofophv has rtiown, ^nd that experience juftifies the 
pofition, that the juices of all vegetables, when expofed to 
certain degrees of heat and atmofpheric influence, are dif- 
pofed by nature to fpontaneous inteftine motions of their 
conftituent parts : this is called fermentation. 

And it is obferved by Mr. Knight, that the juice of the 
apple in its unfermented ftate confifts of fugar, vegetable 
mucilage, acid, water, its tinging matter, the principle of 
fmcll, and, he believes, of aftringcncy. Of thefe component 
parts, the firft only is known to be capable of producing ar- 
dent fpirit, and it might thence be inferred that the ftrongeft 
cyders would be afforded by the fweeteft fruits : but the 
juice of thefe generally remains defedive in what is termed 
u body” in liquors, audit is extremely apt to pafs from the 
faccharine to the acetous ftate. Much of the llrength of 
cyder is fuppofed by the Hereford (hire fanners to be derived 
from the rind and kernels of the fruit, and hence arifes their 
great attention to grind it thoroughly ; the ftalks alfo are 
neceffarily reduced, when the apples are thoroughly ground, 
and he fufpeds that the body of the liquor is itrengthened, 
and its flavour improved by the aftringent juice of thefe: 
yet it does not appear probable, lie (ays, that either of them 
contains any faccharine matter. 

It is further ftated as well-known that there are various 
ftages of fermentation- in the juices of all vegetables, each 
of which changes the very nature and quality of the fluid ; 
but the principal ones which are to be particularly attended 
to, in the inftance now under confideration, (the mull or 
juice of apples, J are thefe ; namely, the vinous, the acetous, 
and the putrefadive. The firft converts the muft from 
its turbid, fulfome ftate, to a tranfparent fpirit uous liquor, 
lightly piquant on the palate, refembling wine both in its 
flavour and effeds. 

The above writer ftates in addition, that it has been ob- 
ferved to take place in fuch bodies only as contain a confi- 
derable portion of fugar, and that it is always attended with 
the decompofition of that i ibftance. The liquor gradually 
lofes its fweetuefs, acquiring an intoxicating quality, and by 
diftillation affords a greater or lefs quantity of ardent 
fpirit, according to the quantity of fugar it originally con- 
tained, and the /kill with which the proccfs has been con- 
duded. When this fermentation proceeds w'ith too much 
rapidity, it is often confounded with the acetous, but the 
prodtifts of that are totally different. A violent degree of 
fermentation however, though purely vinous, is extremely 
injurious to the ftrength and permanence of cyder, proba- 
bly owing to a part of the ardent fpirit being difeharged 
along with the difengaged air or gas. 

4 If,” fays the author of the Trad on Cyder-making* 

#< the juice has been exprefled from four apples, this fer- 
mentation is perfeded in two or three days ; but if from 
fweet apples, not under a week or ten days, and fometimes 
longer.” 

The next fucceeding ftage of fermentation gives an aci- 
dity to the vinous liquor before fpuken of, converting it 
to a fort of vinegar. This fermentation begins foon (fre- 
quently in a few hours) after the vinous is ended, and if 
the fe; mentation be improperly haiiened by heat, before 
the vinous can be perfeded. And Mr. Knight has remark- 
ed that it ufually fucceeds the vinous. $ but that it will fome- 
times precede it, when the liquor is in fmall quantity and 
expofes a large furface to the air. In this procefs, vital 
air is abforbea from the atmofphere, and the ardent fpi- 
rits, vegetable acid, and fugar, if any remain, are alike con- 
verted into vinegar. 

It is alfo further remarked that in the putrefadive pro- 
cefs which follows the acetous, the vinegar lofes its acidity, 
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becomes foul and vlfcid, and emits air of an offenfive fmell : 
an earthy fediment fublides, and the remaining liquid is little 
but water, tout although we cannot, Mr. Crocker thinks, 
form any clear and diftind knowledge of the prccife mariner 
in which nature performs thefe changes in fermenting liquors, 
yet the effe&s are evident ; and from a coniideration of the 
different natures and rafults of the various fermentations, it 
may be perceived, that the fir 11 is the only one ufVful in 
making good cyder, and that the others tend to vitiate, and 
render unvvholcfome a liquor that would otherwife be high- 
ly plcafant, and truly fakibrious. To regulate the firft and 
%o check the others, is then, fays he, the greateit bufmefs 
of that cyder-maker, who would attach to himfelf the fa- 
tisfaftion and fame which every one is emulous of acquiring 
and deferving. 

In the view of attaining thefe ends, fermentations Hiotild 
not, he thinks, by too much heat, be carried on rapidly, 
nor by extreme cold, too /lowly ; as, in each cafe, the fer- 
menting body mud be injured. Hence (he lays) it ap- 
pears, that a certain degree of warmth, or rather imper- 
ceptible heat, conduces hell to regulate this operation. 
This degree of warmth may be undcrllood to reft between 
forty and fifty degrees of Fahrenheit's thermometer. If 
then the warmth of the cellar, in which new-made cyder is 
placed, be between thefe points (no adventitious caufe inter- 
vening), we may expert that the vinous fermentation will 
commence and go on w iih due regularity, and in a proper 
manner. 

It has been obferved above, that fermentation is an in- 
teftine motion of the parts of a fermentable body. This 
motion, in the prefent cafe, is always accompanied with an 
cvuic’ t ebullition ; the bubbles riling to the furfacc, and 
there forming a feum, or loft and fpongy cruft, over the 
whole liquor. This cruft is frequently railed and broken 
by tin* air as it diiengnges itfelf from the liquor, and forces 
its way through it. This effcH continues whilft the fer- 
mentation u L-rllk, but at lall gradually ceafes. The liquor 
now appears tolerably clear to the eye, and has a piquant, 
vinous Jharpnifb upon the tongue. If in tUis ftate the lenft 
hifling nolle be heard in the fermenting liquor, the room 
ns too wain* ; and atmoi’pberie air mult be let in at the 
doors and at the windows. 

“ This (continues he) is the critical moment, which the 
cyder ill mult not k)fc light of ; for, if he would have a 
itroug*, generous, and plcafant liquor, all further fallible 
fermentation mull be flopped. This is belt done by rack- 
ing off the pure part into open veffels, which muft be placed 
in a more cool fituation for a day two, after which it may 
again be barrelled, and placed in fome moderately cool fitu- 
ation for the winter. The Herefordfhirc cyder-farracrs, af- 
ter the cyder has perfected its vinous fermentation, place 
their calks of cyder in open fheds throughout the winter : 
and, when the fpring advances, give the laft racking, and 
then cellar it. In racking, it is advifable that the ft ream 
from the racking-cock be fmall, and that the receiving-tub 
be but a fmall depth below the cock : left, by exciting a 
violent motion of the parts of the liquor, another fermenta- 
tion be brought up. 

Though in common pradtice the racking of the liquor is 
rarely much attended to, efpecially for fomc months alter 
calking, this being the old method ; there cannot, however, 
be much doubt but that it fhould be accomplilhed at the 
proper moment as flicwn al>ovc ; in proof of which it is 
found that iu the management of the finer liquors, in fome 
diftri&s, in which the fermentation is rapid, fome have fer- 
vants in conftant attendance to watch its progrofs, racking 
it when necefiary, even in the night, as fuch facchariue lt- 
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quors require timely checking to prevent their taking 
on the acetous ftate. 

But though frequent rackings have, without doubt, 
a tendency to reduce the liquor to a quiet ftate, the 
ftrength is fuppofed to be confiderably lowered by it, 
in confcquencc of the continual efcape of the fpirit 
by expofure to the atmofphere. Brandy, or any other 
clean ipirit may likewife be employed for the fame purpofe 
as racking, if not found too dear. The fame objedt may 
alfo be obtained in fomc mcafure by leaving the calk unfillea, 
with an ullage. Where the tendency to fermentation is great, 
the calks fhould not be too much filled to the bung-hole, 
the atiion of the air on the furfacc of the liquor being fa- 
vourable to the checking of thatprocefs. 

The grounds, lees, or feculence of the cyder, after rack- 
ing, may be ft rained through filtering bags, made for the 
purpofe, of coarfc linen or hempen cloth, and the running 
placed among the fecond-rate cyders; but by no means 
lliould it, in Mr. Crocker's opinion, be returned to the prime 
cyder. Some find it ufeful in checking any farther irregu- 
lar fermentation in the calks. In this fituation the cyder 
will, in courle of time, by a fort of infcnfible fermentation, 
(the fame writer lays) not only drop the remainder of its 
grofs Ices, but will become tranfparcnt, highly vinous 
and fragrant. 

“ But, (it is obferved by Mr. Knight,) that after the 
fermentation has ceafed, and the liquor is become clear and 
bright, it lliould inftantly be drawn off, and not fuffered on 
any account again to mingle with its lees ; for thefe poffefs 
much the fame properties as yeaft, and would inevitably 
bring on a fccoiid fermentation. The bell criterion to 
judge of the proper moment to rack off will be (lie fays) 
the brightness of the liquor; and thi3 is always attended 
with external maiks, which ferve as guides to the cyder- 
maker. The difeharge ol fixed air, which always attends the 
prog refs of fermentation, has entirely ceafed ; anda thickcruft, 
formed of fragments of the reduced pulp, raifed by the 
buoyant air it contains, is collected on the furface. The 
clear liquor being drawn off into another calk, the lees are 
put, he fays, into fmall bags, fimilar to thofe ufed for jel- 
lies, being made, as noticed abo\e: through tliefe, what- 
ever liquor the lees contain gradually filtrates, becoming 
perfectly bright, and it is then returned to that in the calk, in 
which it has the effedt, in fome ineafure, of preventing a fe- 
cond fermentation, as already hinted. It appears, he fays, 
to have undergone a confiderable change iu the procefs of 
filtration. The colour is remarkably deep, its tafte harlh 
and flat, and it has a ftrong tendency to become acetous ; 
probably by having given out fixed, and abforbed vital air. 
Should it become acetous, which it will frequently do in 
forty-eight hours, it muft not, on any account, he fays, be 
put into the cafk. If, however, the cyder, after being 
racked off, remains bright and quiet, nothing more is to be 
done to it till the fucceeding fpring ; but if a feum collects 
on the furface, it muft immediately be racked off into an- 
other caflc ; as this would produce bad effe&s, if fuffered 
to fink. If a difpofitionto ferment with violence again ap- 
pears, it will be neceffary, he thinks, to rack off from on® 
calk to another, as often as a hifling noife is heard. The 
ftrength of cyder is much reduced, he fays, as noticed 
above, by being frequently racked off; but this, he fup- 
pofes, arifes only from a large portion of fugar remaining 
unchanged, which adds to the fweetnefs, at the expence of 
the other quality. The juice of the fruits which produce 
vefy ftrong cyders, often remains muddy during the whole 
winter, and much attention muft frequently be paid, to pre- 
vent an exeefs of fermentation. 
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Tlic calks into which the liquor is nut, whenever racked 
©fF, fhould always have been thoroughly fealded, and dried 
again ; and each fhould want feveral gallons of being full, 
to expofe a larger iurfacc to the air of the atmofphere. 

But, fays he, fhould the cyder-maker negleft the above 
precautions, the inevitable confequence will be this : an- 
other fernien ation will quickly iucceed, ar.d convert the 
fine vinous liquor he was po fie fled of into a fort of vinegar; 
anj all the art lie is mafter of will never reftore it to its 
former richncfs and purity. 

When, however, the acetous fermentation has been fuf- 
fered to come on, the following attempts may, he fays, be 
i:ude to prevent the ill effects of it from running to their 
full extent. For this purpofe feveral means have been tried, 
fometimes with a degree of fuccefs, at other times wholly 
uuavailably ; the moft popular ones would, however, feem 
to be tlieie : as already noticed, a bottle of French brandy, 
half a gallon of fpirit extra&ed from the lees of cyder, or 
a pailfull of old cyder, poured into- the hogfhead foon after 
the acetous fermentation is begun: but no wonder, con- 
tinues he, if all thefe fhould fail, if the cyder be ftill con- 
tinued in a clofe warm cellar. To give effeft to either, it 
is necefiary that the liquor be as much expofed to a cooler 
air as conveniently may be, and that for a confiderable 
length of time. 15y fuch means it is poflibfe fermentation 
may, in a great nicafure, be reprefiod ; and if a cafk of 

J irime cyder cannot from thence be obtained, a cafk of to- 
erable fecond-rate kind may. Thefe remedies are inno- 
cent ; but if the farmer or cyder-merchant attempt to cover 
the accident, occafioned by negligence or inattention, by 
applying any preparation of lead, let him refleft that he is 
about to commit an abfolute and unqualified murder on 
thofe whofe l^t it may be to drink his poifonous draught. 
Such means fhould, therefore, on no account be ever had 
recourfe to. 

The praftice which is provincially termed Jlummtng % and 
which fignifies the fuming a cafk with burning fulphur, 
may fometimes be advantageous. It is thus performed : 
take a ftripe of canvas cloth, about twelve inches long and 
two broad $ let it be dipped into melted hrimftone : when 
this match is dry, let it be lighted, and fufpended from the 
bung of a cafk (in which there are a few gallons of cyder) 
until it be burnt out. The cafk mult remain Hopped for 
an hour or more, and then rolled to and fro, to incorporate 
the fumes of the match with the cyder ; after which it may 
be filled. If the Jlumming be defigned only to fupprels 
fomc flight improper fei mentation, the biimflone match is 
fufficient; but if it be required to give any additional 
flavour to the cyder, fomc powdered ginger, cloves, or 
cinnamon, &c. may be llrcwed on the match when it is 
made. The burning of thefe ingredients with the fulphur 
will convey fomewhat of their fragrance to the whole oufk 
of cyder; but to do it to the beft advantage, it mu ft be 
jperformed as foon as the vinous fermentation is fully per- 
fected. 

It is ftated by Mr. Crocker, that when the cyderift has 
fuccceded in obtaining a favourable vinous fermentation, 
and by a well-timed racking and attention he has prevented 
the acetous and other fucceeding fermentations from rifing, 
his cyder vvill require very little further attention, more 
than filling up the veffels every two or three weeks, to 
fupply the wafte by the infenfible fermentation, until the 
beginning of the fucceeding March ; at which time it may 
be rcafonably expe&ed he will find his cyder bright, pure, 
and in a fit ftate for its final racking. This fhould be done 
in fair weather ; and, if neceffary, a commixture fhould now 
be made of the high-coloured cyder, made from the Jerfey, 
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or the lufeious fweet apples, with that of the pale-coloured 
cyder from the poorer lour apples: by which means a gv-. 
neral regular colouring may be obtained with the leaft 
trouble, and without expcnce in any way. 

Though it may be expc&ed that the cyderift will now 
find hi 8 liquor to his mind, both in point of brightuefs and 
colour, yet fhould he be difappoiuted, this is the time for 
applying fome innocent remedy to remove the diforder. 
He does not recommend to him either of the forces com- 
monly ufed for fining liquors, namely, bullock's blood, 
ifinglafs, eggs, &c. as they as frequently fpoil a cafk of 
cyder as improve it ; but if he put two pounds of lump 
fugar into a hogfhead of cyder, he will receive all the be- 
nefit which may be expelled from the molt nauleous force 
which nallinefs can employ. If higher colour in cyder be 
defired than what his fruit naturally gives under the fore- 
going management, the cyderift will do well, he ftfys, to 
melt a pound of lump -fugar in a ftewpan, over a clear fire, 
ftirring it frequently, until it comes to a very dark brown 
colour ; then to take it off the fire, and, as it cools, add 
fome cyder thereto by little and little, and continue ftirring 
it until it becomes a thin uniform fluid. This colouring, 
in the quantity of about a pint, more or lefs as occafion 
may require, to a hogfhead, is very cheap and wholefome, 
tinges to perfection, gives no lufeious fweetuefs, but rather 
a^ agreeable bittcrncls, and thus recommends itlelf to tin? 
niOcr palates. Soon after this fpring racking, but not till 
then, the cafk 8 may be giadually flopped, by liril laying 
the cork on the bung-hole, and in a few da) s forcing it 
very tightly into it, covering it over with a layer of melted 
rofin, or otner fimilar fuhftancc. 

Bottling the Liquor . — This is the next bufinefs to be at- 
tended to in the management of cyder; and it is ftated by 
the writer juft mentioned, that in the mouth following, 
that which is named above, the cyder, in general, will be 
in a fit ftate for this operation ; but that the critical time 
for this proccfs is when the liquor lias acquired in the calk 
its higheft degree of perfection : then, when the weather i* 
fair, the barometer high, and the wind in fome northerly 
point, let the bottles be filled, fetting them by uncorked 
until the morning ; then let the corks be driven very tightly 
into the necks of the bottles, tied down with fmall ftrong 
twine or wire, and well fccured with melted rolin, or other 
material of the fame nature. 

It is ftated by Mr. Knight, that cyders which have 
been made from good fruits, and have been properly ma- 
nufactured, will retain a confiderable portion of lweetnefs, 
in the caik, to the end c*f tin ce or four years ; but that the 
faccharine part, on which alone their fwoetnefs depends, 
gradually difappears, piobably by a dccompofition and dif- 
charge of fixed air, fimilar to that which takes place in the 
earlier flagcs of their fermentation. Cyder io generally .in 
tlic beft ftate to be put into the bottle at two years old, 
where it will foon become brifk and fparkling ; and if it 
poflefiea much richnefs, it will remain with Tcarccly any 
lenfible change during twenty or thirty years, or as long as 
the cork duly performs its office, or refits decay. 

But in making cyder for the common life of the farm- 
houfe, the fame writer fays, few of the foregoing rules me 
or ought to be attended to. The flavour of the liquor is 
here a fecondary confidcration with the farmer, whole 11 , ft 
objefl muft be to obtain a large quantity at a fmall ex- 
pence. The common pra&ice of the country is fulBcicnrly 
w T eIl calculated to anfwer this purpofe ; the apples arc usu- 
ally gathered and ground as foon as they become mode- 
rately ripe; and the juice is either racked off at once, as 
foon as it becomes bright, or mors frequently conveyed 
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from the prefs immediately to the cellar. A violent fer- 
mentation loon commences, and continues until nearly the 
whole of the faccharine part is decompofed, The calks 
arc filled up and Hopped early in the fucceeding fpring, 
and no further attention is either paid or required. The 
liquor thus prepared may he kept from two to five or fix 
years in the calk, according to its Hrci.gth. It is generally 
harlh and rough, but rarely acetous ; and in this Hate, the 
writer believes, it is ufually fuppofed to be preferred by 
the farmers and peafantry. When it has become cxtremclv 
thin and harfh by excefs of fermentation, the addition of a 
fmall quantity of bruifed wheat, or flices of toalled bread, 
or any other for inac unis fubllance, will, he fays, much di- 
minish its difpofition to become four. But the above opi- 
nion is not, he thinks, well founded ; they like it bcil when 
it pofleflW much ftreugth with moderate lichnels, and when 
it is without any thing harfh or four in its flavour ; but they 
•will drink it, and to a mo ft extraordinary excefs, even when 
it is really in the acetous ftate. 

And, as has been feen above, an inferior kind of liquor is 
made, the writer fays, by macerating the reduced pulp, 
from which the cyder has been prefled, in a fmall quantity 
of water, and regrinding it. This may be kept till the 
next autumn, and ufually fupplies the place of cyder in the 
farm houfe for all purpofes, except for the labourers in the 
harveft. It is generally fit to drink very foon after it is 
made ; and though no attention is ever paid to it during its 
fermentation, it often remains, till near the end of the fuc- 
ceeding fummer, more palatable than the cyder prefled 
from tlie fame fruit, which is a fortunate circumftance for 
the farmer. 

In the bufinefs of making perry, which is a liquor of a 
fomewhat fimilar nature, there is but little which is ma- 
terially different in the procefs. See Perry. 

Produce and application of Cyder . — The produce of this 
liquor is a matter which is extremely difficult to afeertain, 
whether the quantity be taken by the acre, or in any 
other way. It has been ilated by the author of the 
4 ‘ Prefent State of Husbandry,”' in this country, that the 
uantity of cyder and perry made for falc in the fruit 
iftri&« is very great ; but that, that ufed by the inha- 
bitants is by various accounts much more confiderable. 
Thefe liquors are, he fays, fold by the farmers in different 
itates of preparation for market. Sometimes they are fold 
immediately from the prefs, Sometimes after the firft rack- 
ing, and frequently, not until ready for ufe. The price of 
cyder and perry always advances according as thefe liquors 
are in a prepared ftate for the confumer’s ufe, as well as 
according to the quantity on hand, and the quality of the 
fruit whence it was made. Stire cyder ana fqua(h-pear 
perry, for inflance, fays he, always give much higher prices 
than what i& made from any other forts of fruit. The price 
or common cyder liquor from the prefs, for a courfe of 
{even years, may, he thinks, be rated at from 15/. to 30/. 
the hogfhead of IIO gallons ; and common jperry fiom i2x. 
to iyx. Stire-$yder, in the fame ftate, fells for 5/., 10/., and 
fometimes 15/. the hogfhead ; and fquafh perry, in ordi- 
nal feafoiv, from 4/. to 8/. the hogfhead. 

But the produce of cyder or perry by the acre can only, 
he fays, be gueiTed at by firft afeertaining the number of 
trees. From an orchard of trees, in full bearing, half a hog- 
fhead of cyder may, in feafons ordinarily favourable, he 
thinks, be expefled from the fruit of each tree. As the num* 
ber of trees on the acre varies from ten to forty, the quan- 
tity of cyder muft vary’ in the fame proportion ; that is, 
from five to twenty hogfheads. Pear trees, in equally good 
bearing, yield fuliy one-third more liquor ; therefore, al- 
though the liquor extra&ed from pears fells at a lower price 
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than that produced from apples, yet the value by the acre, 
when the number of trees is the fame, is nearly on a par. 

Mr. Vancouver, in his Survey of the County of Devon- 
shire, has remarked, that the great uncertainty of this fort of 
crops renders it a matter of great difficulty, to ftate any thing 
like an average produce of that diftri^t. Pie has found, 
however, that the mean, of fcvcral ttatements taken upon a 
period of feven years, which varied from two and a half to five 
hogfheads per acre, will be found to equal that of three 
hogfheads and two-fifths for the acre. And that the average 
price of the liquor at the pound* s mouth, or prefs, was. in 
1807, fifty fhillings the hogfhead. 

And the intelligent writer of the Report of the County 
of Gloucefter, has offered a ftatement of the expeuce, pro • 
duce, and profit of this kind of crop, in a different way on 
the extent of twenty acres. 

Suppofmg the diftance of planting the trees to be fixteen 
yards, the acre will admit fixteen flocks, which, with 
the original coft, planting, and fencing, may be eftimated at 
5/. each, or in the whole 4/. 

Grafting, protecting, and keeping up fences till the trees 
are out of danger, may be ftated at 2 /. 6 d. each. 

It is fuggelled, that the return to the landlord will be 
very fmall for the firfl twenty years ; and that he will not 
be able to put an additional rent on his lands, in lefs than 
thirty years, for the plantation. 

The cofl of creating a cyder-houfe and mill ftated at 
eighty pounds. 


General P/l i mate. s . d * 

Planting 20 acres - - 8c o o 

Grafting, protecting, repairing, & c. 40 o o 

Intereft for 30 years on 80/. • 1 20 

Building cyder-houfe, Sic. 80 


Total expence 320 o o 

£- d. 

Intereft of 320/. - 16 o 

Profit - - 14 o 

30 o o 

Advance of rent on 20 acres 30 o o 

Confequently the landholder has the diftant profpeft, he 
fays, of increafing his income 14 1, per annum, or of receiving 
nearly 10 per cent . for money laid out, but fubjeft to the 
deductions of repairs, See. 

But that, with the tenant the advantages are ftill lefs 
certain. Suppofe the ground to be fo well planted and 
grown as to contain fixteen trees capable of affording in a 
good feafon fixteen barrels, or 800 gallons of cyder, which 
is a large average allowance 5 and fuppofe the liquor to be 
fold from the mill at 4 d. the gallon, the produce will be 
13/. 6x. 8 d. per acre, fubjeft to the dedu&ions of 20s. for 
tythes, 2/. for making, iox. for gathering ; in the whole 
3/. iox. : the remainder, 9/. 16/. Hd. will be clear profit; 
which, if it occurred every year, it would be confidered 
highly beneficial j but a good crop rarely happens oftener 
than once in four years, while the damage done to the grafs 
under the trees is continued, as well as the increafed paro- 
chial rates from the increafed rent ; it dots not feem, there* 
fort, the writer fays, that the additional rent on account of 
the’trees, is returned with much intereft. 

Though there are many individuals in the cyder diftri&s 
who evince much care and attention in the management of 
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their orcliard-grounds, trees, Fruit, liquor, &c.: Yet this is 
\y no means, he fays, the common cafe; on the contrary, 
fuch general negligence prevails, and fo imperfeft are the 
modes in which this branch of hufbandry is for the molt part 
conduced, that many arc of opinion, fo much valuable land 
being occupied as orchards, is, in a national view, ex- 
tremely unprofitable ; and that owing to the fame caufes, 
want of attention, and adopting improper modes of ma- 
magement, the farmers at large arc alfo injured, rather 
than benefited. While, fays he, orchards continue to be 
con lidered as fecoudary objeds only of the farmer’s at- 
tention, as is the cafe at prefent, it can hardly be cxpc&cd 
that the produce will be abundant, or the quality fuch as to 
recommend it to more general notice. In place, nowrvtr, of 
condemning orchard hufbandry at large, it appears much 
more corrcd, he thinks, to recommend a general reform 
in the management ; whereby liquors, that arc both whole* 
fome and agreeable, when well made, may be introduced 
into more general ufe, and fo large an importation of foreign 
vinous liquors be rendered unneceffary. In place of plant- 
ing only ten or a dozen of trees on the acre over an exten- 
five trafl of land, it would, he fuppojes, be more for the 
intered, and certainly much more convenient for the cyder- 
men, were they to allot a few acres adjoining to their 
places of refidence, for the foie purpofe of growing fruit- 
trees. The lofs and inconvenience of having fruit trees 
fcattered over an arable field, are confiderable. When the 
trees are full grown, they overfhadow, and confequently 
greatly injure the crop below; the roots alfo fpread to 
a great diftance, and befides impeding the ploughing of 
the ground, extract a great (hare of the nourifhment that 
would otherwile go to iupport the crop of corn. The ad- 
ditional expence in gathering and carrying home a crop of 
fruit from an extenfive fruit-ground, beyond what is incurred 
when four trees Hand on the fame fpace of ground which in 
the other cafe is occupied by one, alfo merits attention. 
Inconveniences as great and numerous refult from having 
fruit-trees thinly fcattered over a pa (lure (Vld. The grans 
under the fhadow of the trees is very inferior to that in the 
open part of the field. The cattle mull, fays he, be ex- 
cluded when the fruit-trees begin to 'ripen, efpecially during 
and immediately after high winds, otherwife they would eat 
the fruit. The falling of leaves in autumn is very deJlru&ive 
to padures of all detcriptious ; and the fame additional ex- 
pence and trouble of gathering and carrying home the crop 
are alfo incurred. For thefe reafons, a dole planted cydcr- 
orchard mud, he thinks, be preferable to fields ; and where 
the foil and fituation arc proper, the grounds Hocked with 
tull-bearing trees of the bed forts ; and when the trees, the 
fru t, and the liquor, are judicioufly managed, it is impof- 
fible but, according to the produce and prices above-dated, 
fuch grounds mud turn out profitable, even fuppofing they 
produce but one crop equal to that above-mentioned, every 
third year. On the other hand, if the flovenly mauter 
of conducing the various operations of cyder-making be 
perfided in, it would be in favour of the nation, and of the 
individuals concerned in that branch of hufbandry, he fup- 
pofes, that there were not a cyder-orchard in the ifland. 
Perhaps, on another account alfo, it might be for the in- 
tereft of the farmers in the fruit didrifts that orchards were 
abolifhed : the quantity of cyder annually ufed by the fer- 
vants and labourers is ro immenfe, that confidering the in- 

1 'ury which the crops of grain and graft* fuftain from the 
and's being incumbered with trees, the labour of colle&ing 
and carting home the fruit, and the trouble attending the 
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manufafturing it into liquors, this beverage mud be a more 
ferioas article of expence than the generality of cyder farmers 
are difpofed to allow* 

It is, however, dated by Mr. Rudge, that where the 
management of thefe forts of liquors is pcrfe&Iy known and 
attended to, and there is a capital fufficient to prevent the ne- 
ceffity of immediate fale, as well as plenty of calks in the 
farmer's own cellar, he may be enabled to take the advantage 
of the mod favourable circumdances of bringing it to the 
market, as when there is a fcarcity from early Tales, and 
no fupplies expected from crops of fucceeding years ; when 
the price is frequently increafcd to %d. or is . the gallon. 

It is added, that old cyder is always valuable* and pays 
for keeping ; which is fuggeded as the bed means of coun- 
tervailing the uncertainty of crops, though it oftener benefits 
the dealer than the grower of the fruit. 

The fame able writer alfo dates, that farmers who live 
contiguous to canals or navigable rivers, have peculiar ad- 
vantages from their fituations, often turning long keeping 
fruits to a better account than grinding them for cyder, 
by fending them into the interior diftrifts of the kingdom 
for the purpofe of the table, at the price of 16*. per (cam: 

44 for,” fays he, 44 fuppofing that eleven foams of nine pecks 
each, are required for ioo gallons, the cyder (hould be fold at 
8/. i6j. to equalize the profit of their fale unground; but 
cyder, in its early date, feldom averages more than 9 V* 
per gallon, which would be only 3/. ijj. ; fo that even flip- 
poling all the cyder to turn out well, the former method is 
far the more advantageous. It is therefore conceived, that 
in this way alone, the profits of a fruit cllate can be fatis- 
faftorily made out in favour of the tenant of it. See Or- 
chard, and Appl b-trer. 

Cyder -Cajk y in Rural Economy , a veflel of the barrel 
kind, made ufe of for the purpofe of keeping the liquor. 
They are of various fi/.cs or ditnenfions, according to the 
extent of the fruit grounds, and the fancy and circum- 
dances of the farmer, in fo far as capital is concerned. It 
is, however, commonly fuppofed that the drength of the 
liquor is better preferved, if not incroafed, by a large 
quantity or body of it being kept together. Though 
calks of this fort are made to hold from 400 to 500 gal- 
lons, the molt general fize is no gallons, which is alone 
employed in fending out the cyder for fale. The ufual 
price of this kind or calks is about five-pence the gallon. 

It is obferved that the choice of proper vefiels for 
keeping the liquor in after it has been fermented, is a very 
material point to be regarded, as none is fo liable as this 
to take the tadc or twang of the calk : new velfels, though 
the wood be ever fo well feafoned, are apt to give a dif- 
agreeable relifh to all liquors, and remarkably fo to cyder, 
uiilefs due caution be tiled beforehand. Frequent fcalding 
with hot water, into which fpme handfuls of fait have been 
fird thrown, or with water in which fome of the pommage 
has been boiled, and waffling afterwards \yith cyder, arc 
the ufual remedies againft this evil, and feldom fail of 
removing it effe&ually. Of all fort9 of old cades, beer veffels 
are the word, as they always fpoil cyder 5 and in return 
cyder calks infallibly fpoil beer. Wine and brandy calks 
do very well, provided the tartar adhering to their Tides be 
carefully feraped off, and they are well fealded. Thefe 
different circumdances (hould always be carefully attended 
to, in cleaning and preparing calks of this kind for the re- 
ception of the liquor. 

Cyder -Cloths* are fuch cloths as are manufa&ured for 
the purpofe of the cyder-maker, being made ufe of for 
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Containing the pommage, in order to its undergoing the 
operation of the prefs. They are ufually formed of com- 
mon hair-cloth, but which is of the more clofe and com- 
pact nature or texture. 

The fize is generally about four feet fquare ; and they 
hold about two or three buJhels, or as much as the mill can 
grind at once ; and thefe are, as has been fecn, heaped over 
each other until the prefs is full, being kept to an uniform 
file bv a wooden frame or gauge. The larger preffes are 
capable of holding from eight to fifteen bags or cloths, 
which yield from one to two hundred gallons of liquor, 
according to the largenefs of what is termed the cheefe . 
To perform the work neatly, it is neceifary to have two 
lets .of thefe cloths or bags, as they are apt to clog and 
fur in prefling, and confequcntly become unfit for ufe 
again till they have been waflied and dried ; fo that while 
this is doing, either the prefs muft {land ft ill, or another 
fet be readv to employ it. But fome, inftead of cloths or 
hair-bags, lay dry ftraw under the pommage, the ends of 
which they turn up over it ; then cover the pommage en- 
tirely with frefh clean fweet-fmelling ftraw, upon which 
they fpread another layer of pommage ; and fo on alter- 
nately, until the prefs is full. Either of tlte methods will 
anfwer the purpofc : but thofe who are defirous of doing 
the work in the neateft and bell manner, generally ufe hair 
bags or cloths in performing the bufinefs. See Cyder. 

Cyder-A7«> an inferior fort of fruit liquor, which is 
friade after the better kind has been prepared, in the man- 
ner which has been noticed in {peaking of cyder. (See 
Cyder.) It is moftly ufed for domeftic purpofes. 

Cydf.r -M ill is that fort of machine or contrivance, 
which is conftru&ed for the purpofe of crufhing, grind- 
ing, and reducing apples, or other fimilar fruits, into 
the ftate of a fine pulp or pommage, in order that the 
juice or liquor may be drawn from it, by means of pref- 
iure. In different diflri£ls there are variations in the man- 
ner of conftrufttng thefe mills ; but they chiefly confifl 
of two kinds, the horfe and the hand mills; the former 
being principally in ufe where the extent of fruit ground is 
confidcrable, but the latter moftly where the farms of this 
kind are fmall, and infufficient to repay the expence of fuch 
large machinery. 

The firft fort, or horfe -m\ll y which is that by much the 
moll generally met with, is commonly conftru&ed fome- 
ivhat on the fame principles as thofe in ufe for the purpofe 
of grinding bark for the tanners ; and confifts of the fol- 
lowing diftimfl parts, namely, the cifteni-chafe, or trough, 
the runner or bruifiiig- ftone, and the cog-wheel aird upright 
axle-tree, with the ilirrer, the rcever, and the (hovel em- 
ployed in the procefs. 

It is ftated by Mr. Rudge, in his “ Agricultural Survey 

i Glouccftcrfhire,” that the ciftern is circular, and formed 
of ftone, being hollowed out in fuch a manner as to fit and 
receive the runner, commonly to the depth of about nine 
inches. On the inner fide, or that which is next, what is 
ufually termed the « nut” or central fpace, it is cut out 
in a perpendicular form, but on the exterior or outfide 
fomewhat in a doping direftion, being left wider acrofs at 
the top than at the bottom ; and the outfide tipper edge is 
left two or three inches in width, in order to receive what 
is denominated a i€ curbing,” which is made of wood, and 
raifes it four inches higher, being fini filed with nearly a 
(harp edge. The drfign of thi6 wood-work is not merely 
to prevent the pulp or pommage from being carried over, 
as the ftone rolls or turns round, but likewife to correfpond 
with a four-inch plank or planks, which cover the nut, or 
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circular vacant fpace in Che centre. It is ufual for the 
citterns to be delivered from the quarries in three or four 
ieparate parts, which are afterwards fitted and cramped 
together by the mill-wright. A cittern of thirty feet in 
circumference will be requifite for a mill of the ordinary 
fize ; and the price is regulated by the number of gallons 
which it is capable of containing, or at the rate of one 
guinea the foot in diameter. 

In regard to the runner or bruifing (tone, it is feldom 
lefs than three feet and a half, or more than four feet in 
diameter, being made perfe&ly flat on the fide next the 
nut, but a little convex on the other, nearly fitting the bot* 
tom of the ciftern. In the middle, a ftrong axle of wood 
is fattened through it, which is comie&ed with an upright 
or ftandard axle-tree in the centre, which extends lufnci- 
ently far from the exterior fide of the runner to conneA 
by means of an iron rod with a wooden bar, whichris alfo 
linked to the upright axle, -and to which the horfe is fat- 
tened. This wooden bar or pole is fo fixed as to be be- 
fore the runner, and keep the horfe clear of it. The 
height is regulated by a fubftru&ure of ftone work under 
the ciftern or chafe. 

To the horizontal axle is fitted a cog-wheel of from 
eighteen inches to two feet in diameter, which runs on the 
wood-work that covers the whole fpace; from the interior 
edge of the ciftern to the perpendicular axle, and which is 
denominated the nut. The exadl height of this wheel mutt 
confequcntly be. determined by that of the centre of the 
runner above the nut. The cogs of this wheel catch upon 
upright teeth, fixed in the nut, as it rolls upon the furface, 
and by this means force the ftone into a rotatory motion, 
which under other circumftances it would not always keep ; 
as when the apples are lirft introduced, or when the bottom 
of the ciftern has become fmooth from the pulp, it might 
Aide along rather than roll, was it not for fome machinery 
of this nature ; though fome mills are without it notwith- 
ttanding. 

The perpendicular axle-tree has an iron pin at each end 
as pivots, whi h runs in a funk iron centre ; the wood of 
the axle, which is bound with an iron ring or hoop, form- 
ing the (boulder of it. 

The runner, or ftone for grinding, is commonly fold at 
the quarry at the rate of one guinea the foot, or as many 
guineas as the ftone meafures feet in diameter ; being, in 
the diftrift mentioned above, procured from the foreft of 
Dean. They are a fort of dark reddilh kind of grit ftone* 
not calcareous, but of fufficient hardnefs. 

It is fuggefted by Mr. Marfiiall that much depends upon 
the quality of the ftone. It ihould not be calcareous* 
either in the whole or any part, as the acid of the liquor 
would, in that cafe, corrode and decompofe it. Some of 
the ftones in Herefordlhire have, he fays, calcareous peb- 
bles in them, which being difiblved as above, of courfe 
leave holes in them. Nor (hould the ftone be of fuch a 
kind as to communicate a difagreeable tinge to the li- 
quor. 

The fame writer remarks likewife that there are fome 
mills of this kind which have two runners, one oppofite the 
other. And he thinks that the fituation of thefe milk 
(hould be fuch as to have a horfe-path, of about three feet 
in width, between the bed and the walls ; confequently, k 
moderate fized mill, with its horfe-path, takes up a fpace 
of fourteen or fifteen feet in every dire&ion. 

At Ffy. i. in Plate XI. on jfgriculture 9 an improved 
mill of this fort is reprefented, in which A is the runner or 
ftone, BCD the ciftern-chafe or trough, in which the 
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(tone moves and reduces the apples $ 5 F G the horfe- 
path ; and H 1 the manner in which the moving power is 
attached. 

The other appendages of the cyder-mill noticed above 
may he thus deferibed : 

The JUrrer confifts of a ftrong round ftick, with which 
the fruit is conftantly kept to the Hone, and removed from 
the fide* to the bottom, during the procefs of grinding ; 
for which purpofe, a woman or boy ufually walks cither 
before or behind the horfe. Some horfe-mills have two 
ftirrers, fo attached to the axle-tree of the runner as to 
execute the work effcftually without manual afliftance. 

The rrever is a fmali piece of board fecurely fattened to 
a wooden handle, and fo formed as to fit the fhape of the 
cittern ; by means of which, when the pommage or pulp is 
fuflieiently ground, it is drawn together in order to be con- 
veyed to the prefs by the (hovel* 

The Jhowl is a tool fomewhat of the fpadc kind, moftly 
made of wood, being a fort of fcoop, by which the above 
operation is readily performed. Iron (hovel s are, however, 
fometimes made ufe of ; but a portion of the iron is fup- 
pofed to be diflolved by the acid of the liquor, which may 
pottibly contribute to the black tinge frequently noticed in 
cyder, after expofure to the air. Wooden implements 
fhould therefore, of courfe, be preferred, as being more 
cleanly, and, at the fame time, free from this fort of 
danger. 

The feeond fort, or hand cyder -mil!, is conftituted of 
two toothed or indented wooden cylinders of about nine 
inches in diameter, each being inclofed in the manner of 
other mills, having a feeder at the top, and being made fo 
as to be turned by the hand. By this fort of mill, the 
work of bruifing the rind, kernel, and ttalk, as well as that 
of reducing the flefhy parts to a perfeft pulp, is well per- 
formed. From the circumftance of the cylinders being fo 
arranged as to be capable of being removed to a greater or 
left diftance from each other, the bufinefs advances in a 
regular progreflive manner, from the firft cutting of the 
fruit until the cylinders are brought fo dole together that 
a kernel cannot pafs without being bruifed j and where an- 
other pair of finer toothed cylinders are had recourfe to, to 
work under tliefe, fo as to bring the pulp into a perfect 
llate of finenefs, the bufinefs is ftill more effe&ually exe- 
cuted. But though by this means much time is faved, 
more ftrength is required in the operation. It is with dif- 
ficulty that the fame degree of finenefs can be effe&ed by 
the horfe-mill, as in fpite of the inceffant attention of the 
labourer who has the care of flirring the fruit while under 
the operation of grinding, and of keeping it to the runner, 
a large portion is conveyed to the prels without having 
been fully reduced. A mill of this defeription is fhewn at 
jig. 2. in the fame plate. 

It is obferved by the intelligent author of the Report 
noticed above, that M two difadvantages attach to the 
hand-mill in its prefent ftate, lofs of time and increafe of 
manual labour it being “ difficult, with the afliftance of 
three men, to grind a hogfliead in a day while “ with a 
horfe-mill, from two to three hogfheads may be made by a 
man and woman, or younger perlon, and one horfe con- 
fequently, its fuperiprity on a large fruit farm is conceived 
to be decided. It ft, however, added, that the hand-mill is 
capable of being greatly improved in the point of expedition, 
by the attachment of a large horizontal wheel and horfe, as 
has been done in fome manufactories* 

It has been remarked by the author of the Rural Econo- 
my of Gloucefterfhire, that from obferving the great fim- 
pucity and high degree of perfection with which the fugar 
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mills grind the cancs or rather prefs out their juice between* 
two plain iron rqllers, the imperfections of cyder mills ap- 
pear more ftriking. It is however noticed that the* fugar 
cane is a long fibrous body ; and readily paffes through be- 
tween the rollers ; whereas fruit being globular, and of a 
cellular fubftance, is not cafily laid hold of, or, if caught, 
has no lengthened fibres to induce it to pafs, like the cane, 
between plain rollers. It has, however, been found, that 
between fluted rollers it may be made to pafs ; and in con- 
fequence, thefe rollers are in ufe, though not common* 
They are of caft iron, hollow, about nine inches diameter, 
with flutes or teeth, about an inch wideband nearly as much 
deep. In general they are worked by hand, two men work- 
ing again tt each other. Between thefe the fruit paffes 
twice : the rollers being firft fet wide, to break it into frag- 
ments, and afterwards ciofer, to reduce the fragments. But 
even this is not, he fays, a perfect engine : in the refiduum 
from the prefs many kernels are found. , Be Tides, the acid of 
the fruit is liable to corrode the iron, and this, in return, to 
tinge the liquor, though neither of thefe inconveniences is 
acknowledged. In a country, however, where ftone is not 
eafily to be had, this may, perhaps, be found the moll eligi- 
ble cyder-mill. But in this dittriCt, where ftone is fuflieiently 
plentiful, the ftone runner and trough feem to be the molt 
eligible mill at prefent known: though it appears to him, 
highly probable, that, with attention and perfeveranee, a 
more perfcCt machine might be invented. Be this, fays the 
writer, as it may, the prefent mill appears to be capable of 
improvement. It is at prefent an unfinifhed machine ; he 
means when it is firft turned out of the workman's hands : 
time and conftant wear do that, in part at lea ft, which the 
workman leaves undone. The aCting parts of the machine, 
thofe which are to bruife the rind, and crufh the kernels, 
are the face of the roller and the bottom of the trough. 
But inftead of their being adapted to each other, in fuch 
a manner as to effect thele purpofes with a degree of cer- 
tainty, they are left in fuch rough unfinifhed ftate a 9 in a 
great mealure prevents them, during the firft fifty years 
at leaft, from performing that which is their principal 
intention. Inftead of being worked over, and fitted 
nicely to each other, with the fquarc and chiffel, they are 
hewn over with the ilone-mafon’s peck only, leaving holes 
and protuberances which would fave even horfe-beans from 
the preffure, much more the kernels of fruit. A runner 
which has been worn two and twenty years has often holes 
left in it which would lodge half a dozen kernels with 
fafety. To account for this abfurdity feems, he fays, im- 
poflible : perhaps the roughnefs vyas intended to prevent the 
runner from Aiding ; but the ufe of the cogged wheels has 
fuperfeded this intention. Perhaps it was left to gather up 
the fruits with greater effeft ; but furely, deep chiffel marks, 
left in the form of flutes acrofs the face, would have an- 
fwered this purpofe better, and would perhaps have laid hold 
of and fixed the kernels, fo as to ferve their being effectually 
broken, preferable to any other equally fimple expedient. Or, 
perhaps, the cuftom was eftablifhed wnen the ufes of the rind 
and kernel were not known, and time has not yet corrected 
the error. He has been told, that the roughnefs is left to 
cut the fruit the better on its being firft put into the trough: 
and that on this ingenious principle, fome will pick their 
runners over as often as they wear fmooth. To fuch cyder- 
makers, he would recommend the hobnail mill, which would 
come much cheaper, rid work ftill fafter, and fave the ex- 
ence of pecking. Be the origin of folly what it may, fays 
e, it is painful to obferve its effeCt. In this cafe, however, 
the folly, and, of courfe, its effeCt may be eafily .removed* 
Having made the face of the roller as true as the fquare 



CYDER 

and the chiflel can render it, work, fays he, the bottom 
of the trough to it, until not a muftard-feed can efeape 
them* The kernels of fruit are hard, flippery, and Angu- 
larly difficult to fix, efcaping preffurc in a peculiar manner ; 
and with Angular alcrtnefs. 

It is remarked in addition, that another improvement of 
the common cyder-mill appears to be much wanted ; namely, 
a method of preventing the material? in the laft ftnge of 
grinding from rifing before the runner ; and further, a more 
mechanical way ot ftirring up and adjufting them in the 
chafe. Until thefe improvements be made, cyder-mills, 
fays he, muft remain, what moil of them evidently are at 
prtfent, imperfect machines. 

It has been noticed by the fame writer, that a mill-lion f», 
on an orchard farm, is as ncccffary as a barn on thole of 
other kinds. It is in general found to be one end of 
an out-building, or frequently an open Hied, under which 
ft raw or fmall implements are laid up when not in ufe. The 
fmalleft dimenfions poffible to render it in any degree con- 
venient and ufeful are, he thinks, twenty-four feet by 
twenty ; having a floor thrown over it at the height of 
feven feet ; and a door in the middle of the front with a 
window oppofite ; the mill being fixed up on one fide of it, 
and the prefs on the other ; as much room as is poffible 
being left towards the door, in the front part, for the re- 
ception of fruit and the different neceffary utenfils. 

Mr. Rudge confiders the t( arrangement of the build- 
ings for the convenience of making and lloring fruit liquors 
as a matter of great importance,* 7 though it teems to have 
been but little attended to on old farms. The mill and 
profs being often found in an infulatcd building at a dif- 
tancc from the cellars ; which occafions the employing of 
a man and boy, with a horfe and dray to convey the 
liquor to the place where it is to be calked, which is a 
labour that would be unnecceffary were the mill houfe 
and cellars attached. In fome of the more recent erec- 
tions of this defeription, the fpout of the vat is fo contrived 
as to difcharg£ the liquor through an opening in the wall, 
into a receiver in the cellar, from which it is diftribnted 
with facility to the different cafks which are to be filled. 

The reft of the utenfils belonging to a miU-houfe are 
few : the fruit being fimply brought in calks or large baf- 
kets, and the liquor carried 'out in pails, or by means of 
jfpouts as noticed above. The hair-cloths, mentioned above, 
are the principal addition to the mill and prefs. The expence 
of fitting up a cyder-mill houfe depends, Mr. Marfliall 
fays, on the fize and quality of the mill and prefs. One of a 
moderate fize, for a farm, may be furnifhed completely for 
from twenty to twenty-five pounds. One on a fmall fcale 
might be furnilhed for from ten to fifteen pounds : much 
depending on the diftance of carriage of the ftone. This 
expence is ufually borne by the landlord. A mill-houfe 
fubftantxally fitted up will laft many years. He ha3 ob- 
ferved a mill and prefs which, by the date upon them, have 
been fet up more that twenty year3, yet they appeared al- 
moft as frefh as new. Many of the old mills and preffes, 
which are feen, may, compared with thofe, feem to be a 
century old $ or the mills more particularly a greater age, 
«nd were probably the original mills of the farms they are 
upon. 

Thefe obfervations /hew that confiderable attention fhould 
be beftowed by the fruit farmer in fitting up and completing 
his buildings and machinery for the management of this 
fort of liquor. 

CYDBR-/Vr/}, a machine of the prefs kind, contrived for 
the purpofe of forcing the juice from different forts of 
fruits after their fubftance has been reduced to the ftate 
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of pulp by means of grinding. They are moftly con* 
ft rutted on the fame principles as thofe of other kinds which 
are intended to afford a ftrong or powerful preffurc, as the 
packing ar.d oil-prefs. 

Jt is constituted, according to Mr. Rudge, of the follow- 
ing parts, a ciltern-ftill, vat, cheeks, or ** lifters,” cap and 
ferew, lanthorn, bridge, prefs-blocks, /hooter, lever, wind- 
las, and rope. 

The cheeks, or fiftera, are two ftrong upright pieces of 
oak, which are preferved in their fituations, by being let 
into the ground firft, and then by the ciltern-ftill, which ie a 
thick piece of timber, extending from one cheek to the 
other, near to the ground, being open mortifed at each end, 
refting upon a fhoulder, and clipping the upright t through 
thofe open mortifes, and the upright, a ltrong iron pin is 
paffed, which prevents the cheeks from fpreadir.g or giving 
way in the operation of preffing. A correfpondmg piece is 
fixed near the top, which is mortifed and fattened in the 
fame manner to the cheeks, through the centre of which the 
female ferew or nut is made, in that cafe denominated the 
cap. 

What is termed the vat, is a wide plank, with a groove 
running round it near the edge, or what is preferable, a 
raifed levelled border coinciding with the edge, 'about an 
inch in thicknefs, to prevent the liquor from running off 
at the fides, and conduft it to the fiuice or fpout from 
which it is difeharged into the receiver. This vat is firmly- 
fixed on the ciftern-ftill. 

The ferew, when made of wood, is moftly nine or ten 
inches in diameter, and which paffing through the cap, rifes 
three or four feet to the lower end, which is fquare ; the 
bridge is hung, by means of a rounded pin, which is a plank 
reaching from one cheek to the other, being freely move- 
able up and down, but kept to a regular fituartion or pofition 
by open mortifc8. 'The lower end of the ferew is left of a 
larger diameter, when the lever is intended to work in it f 
being in this cafe perforated and hooped with iron, but the 
lanthorn is more frequently fixed upon it. This h mad* of 
two circular pieces of wood, lefs than two feet in diameter, 
being kept eight inches apart by ten ftrong pillars, between 
which a piece of affi or elm timber is occafionally placed, 
which is termed the lever. There are two of theie belong- 
ing to the ptefs, being ufed according to the extent of 
power required, one being fhorter and lefs ftrong than the 
other, being capable of being worked by the ftrength of 
one man, during the commencement of the preffing ; but 
as the liquor becomes more expreffed and when nearly ex- 
haufted, another lever of greater length and ftrength is ap- 
plied to the lanthorn, and worked by means of the windlas, 
which is an upright poft, turning with an iron pivot in a 
focket on the ground, and paffing through a beam in 
a rather free manner at the top, being removeable when 
not wanted. A rope coiled round this windlas, is hung by 
a loop to the end of the lever, being there fecured from 
fpringing off, by a wooden pin. The windlas has likewife 
at proper heights, from two to four bars of wood paffing 
through for the purpofe of handles, to which the ftrength 
of four men may be applied with much effed. The prefs- 
blocks are pieces of oak, about two feet in length, and fix 
inches fquare, placed one above the other, crofting in alter- 
nate pairs, under the bridge, for the purpofe of keeping the 
lanthorn, lever, and rope above the heads of the workmen 
at the windlas. 

It is fuggefted that iron ferews have of late been coming 
much into ufe, being either caft or wrought ; the price of 
the former being about 2/. 1 5 s , ; and of the latter nearly 
10/. The power is fuppofed by fome to be iacreafed by 
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the finenefs of the threads in the iron fcrew, while others 
admit of no other fuperiority but that of durability. 

The price of a good prefs with wooden fcrew is ufually 
about ten guineas. 

It has been fuggefted by the author of the Rural Econo- 
my of Gloucefterihire that the fituation of the prefs Ihould 
be as near the horfe path of the mill as conveniency and the 
nature of the building will permit, in order to the more 
ready conveyance of the ground pommage or pulp from the 
mill to it. The fize of the cyder-preis may be different 
according to the extent of the apple orchard. 

An improved Large Cydcr-prtfs is (hewn at fig. 3, in 
which A A is the bafe or foundation with its lupport- 
ing parts : B, B, the cheeks or fitters : D D the crofs 
piece at top, through which the fcrew partes, and which 
consequently contains the nut or female fere* : E the 
fcrew with its appendages : F F the bridge or crofs piece 
which afts 0.1 the pommage : G G is the wide plauk or 
vat on which the pulp refts in the hair bags ; in which 
the mode of the liquor’s palling off is feen : H H \fig, 4.) 
is the windlas, with its handles, wheel, rope, See, 

At fig, 5, is feen a fmall Cyder •prefs of a different 
kind, which afts by means of a heavy done or block of 
wood made of a conical form, moving round the centre 
by a lever which is inferted i tto its bafe, as (hewn at 
A and 15 : C is the bed of the prefs, notched for let- 
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ting off the liquor into the caflc or veffel, 1), placed below : 
E, E, E, E, are the feet or blocks on which the whole refts. 

Cyde K-fpiriti a fpirituous liquor drawn from cyder by dif- 
tillation, in the fame manner as brandy from wine. The 
particular flavour of this fpirit is not the moft agreeable, but 
it may, with care, be diverted wholly of it, and rendered a 
perfectly pure and infipid fpiiit, upon replication. The 
traders in fpirituous liquors are well enough acquainted 
with the value of fuch a fpirit as this : they can give it the 
flavours of fome other kinds, and fell it under their names, 
or mix it in large proportion with the foreign brandy, rum, 
and a rack, in the fate, without danger of a difeovery of the 
cheat. 

Cydfr -Fat, is a term applied to that part of the cyder- 

i ?refs which firft receives the liquor as it is forced out 
rom the pulp, ai d by which it is conveyed into the 
receiver. See Cyder •Prefs, 

It is likewife a name often given to the veflels which re* 
ceive the cyder before it is racK< d off into the ltore calks. 

It is remarked in the Survey of the County of Glou- 
cefter, that the vat is Hill, in fome cafes, covered with' 
lead, although the pernicious effe&s of its being cor- 
roded by the acid of the liquor have been frequently 
experienced. It Ihould on this account be always made of 
fome fort of hard wood. 
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Cylinder, rolling, in Mechanics, a cylinder which rolls 
up an inclined plane. 

The phenomena of the rolling cylinder may be eafily 
Accounted for from what we have obferved under centre of 
gravity. 

for let A B F, D ( Plait XXII. Mechanic^ Jig. l,) repre- 
fent the feftion of a cylinder of wood, biaffed on one fide by 
a cylindrical piece of lead, as B, which will bring the cen- 
tre of gravity out of the centre of magnitude, C, to fame 
point, G, between C and B. Let 1*’ H be an inclined 
plane, whole bafe is FI.. It i& evident the cylinder laid 
upon the plane will no where rcfl but there, where a 
perpendicular to the horizon, F L, paffes through the cen- 
tre of gravity G, and that point of the plane E, in 
which the cylinder touches it j and this, in all angles of 
inclination of the plane lefs than that whole fine is equal 
to C G, the radius being C I), will be in two fitnation 3 
ABEl), and abed: became when the cylinder moves, 
the centre of gravity deferibing a circle round the centre 
of magnitude C, this circle will meet the perpendicular 
in two points G and g, in each of which the centre of 
gravity being fuppefed, the cylinder will reft. There- 
fore the cylinder moves from E to e by the defeent of the 
centre of gravity from G to ", in the arc of the cycloid 
Ghg. t 

If the cylinder ABED,/?. 2. infilling on the hori- 
zontal line E L, in the point E, has the centre of gravity 
G in the horizontal diameter D B, it will gravitate in the 
perpendicular Gr: if therefore the plane FH touch the 
cylinder in the point r, it is evident the cylinder cannot 
either afeend or defeend on fuch a plane. Becaufe G in 
any fituation between e and H, or t and F, will gravitate 
to the left *or right from the point in which the cylinder 
touches the plane ; and fo will in either cafe bring it back 
to the point t. And as the angle E C t is equal to H FL, 
it follows, that a cylinder cannot afeend on a plane whole 
inclination is-greatcr than that angle. 


Cylinder-/? oritig, is the method of boring out and 
fmoothing cylinders of, brafs, iron, or other metals, for 
pump -barrels, fteam-eugines, &e. &c. 

/Va/i'XXIII. Mechanics , is appropriated to the defeription 
of a machine for this purpofe, ilefig.ied by Mr. John Dixon, 
Maid-lane, Southwark, and eroded by him at the Falcon 
iron-foundery. 

Fig. i. is an elevation of the machine, in the operation 
of boring a cylinder for a fteam-engine. Fig. 2. is a plan. 
Figs. 3, 4, 5, parts of the machine. Fig. 6. an end ele- 
vation. Fig. 7. a fedion. 

The machine is turned by a fteam-engine, which com- 
municates motion by means of a coupling-box, a, to a long 
iron (haft AB, turning in brafs bearings, fupported on 
iron ftandards C, D, bolted to the two ground fills E, F } 
this lhaft (called the boring bar) is perforated from end to 
end, as is (hewn in the fedion, Jig. 3, and has alfo a flit, 
h b, Jig. 1, through it nearly its whole length *, it is turned 
in a lathe, and thus made a perftd cylinder. Another Ihort 
cylinder, DD (in the fedion, Jig. 3. and Jig. 5.), Hides 
eafily upon the boring bar without (hake, and is made to 
turn round with the bar, by two Ihort iron bars, </, d, which 
pafs through the flit, h b, made in the boring bar, and fit at 
their ends into two notches made in the ends of the fhort 
cylinder D D. E is a long ferew going within the boring- 
bar, and of the fame length ; the end which enters -the 
boring-bar, and which is not cut into a ferew for fome 
length, palfes through holes made in the middle of the 
Ihort hats d, cl, and is held in by wedges, as in Jig. 3. 

The knives or cutters, e, t, t, c,fg. 4, are fixed by wedges 
in notches round the circumference 01 a caft-irou ring, Jiv. 
4, called the cutter block } the inner circle, G, of the block, 
is of the fame fize as the outfide of D D, upon which it is 
placed, and made to tum round with it, by. two fmall 
hedges driven into notches/,/', made in the infide of the 
ring, and entering fimilar notches in the outfide of JD D. 
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The cylinder, II II, to he bored, is Axed firmly concen* 
hie with the boring-bar upon a frame of caft iron, confiding 
of iVvcral pieces, which aie moveable, and can be fet to 
hold a cylinder of any length or diameter. The firft are 
four cail iron bars, 1, 1,1,1, with Aits through them nearly 
their whole length ; they are firmly bolted down to the 
ground fills, and fupport two crofs bars Iv, K, which can 
he fixed at any place along the bars 1,1,1, 1, by ferews 
palling through the grooves. The crofs bars, K, K, have 
grooves through them in the dirediion of their length, to 
receive ferews which fix upon each bar two uprights, L, L, 
at any place. 

By this Hiding of the two crofs bars K, K, the fixtures 
Are adapted to the length of the cylinder, and by moving 
the uprights L t L, nearer to or farther from each other, the 
cylinder is fitted in its diameter, horizontal; the weight of 
the cylinder is fupported by blocks and wedges driven 
under it upon the ciofs bars K, K, and it is kept down by 
two ftrong wrought iron-bands, /*, r, put over it, and drawn 
down by ferews on the top of the uprights L, L. 

A crofs beam is fixed upon the end of the ground fills, 
into which an upright beam, M, is mortifed, and its upper 
end is fupported by the beams of the ceiling ; the upright 
has a fockct fixed to it, in which a nut for the ferew E 
turns, in fuch a manner that it cannot move backwards or 
forwards, though it is at liberty to turn round freely ; an 
iron crofs, m rn, is fixed on the nut to turn it by. The 
end of the ferew, E, is fquare, and has a fhort Crofs bar, n, 
pinned on it, which has wheels at its ends* and runs upon 
a thick plank, N, fupported on iron legs, o, o ; at one edge 
of the plank, a piece of iron plate, p 9 is ferewed and turned 
over at top, to form a groove in which one of the wheels 
run ; the crofs bar and plank prevent the ferew from turn- 
ing while it can be moved endways along the plank. 

In the working of the machine, the firft thing is to fix 
the cylinder; for which purpofe the plank, N, muft be 
removed, the ferew, E, drawn out of the boring bar, the 
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upright, M, and iron ftandard, 1 ), taken away, the weight 
or the boring bar being fupported by blocks put under 
the middle of it ; the cutter block, and the fhort cylinder 
D D, fig* 3, is now put upon the boring bar, the bars, rf, d 9 
fig* 3> being firft put through the flit, bh % in fig* l > in the 
bar at its end towards D, where it is enlarged for the pur- 
pofe ; the cutters are fixed in the block by wedges, and 
adjufted, that they may all be at the fame diftance from the 
centre, and that they may bore the cylinder of the proper fize. 
The cylinder is now put over the boring bar, and when the 
end of the bar comes through the cylinder, the ftandard, D, 
is replaced ; the weight of the bar is now fupported, and 
the blocks in the middle can be taken away, to get the 
cylinder in its place, and fix it faft, as before deicribed. 
The ferew, E, is next introduced into the boring-bar, and 
pinned into the two crofs bars </, d 9 as in fig* 3, the upright 
M, is fixed, and the nut of the crofs, mm, l'crewed upon 
the ferew E ; the plank, N, is fet up, and the whole put 
in the fituation reprefented in the plate, except that the 
cutter block is feen on the boring bar towards A. 

The fteam-engine is now fet to work, and the boring bar 
thereby turned ; a workman turns the crofs, m m, and with 
it the nut of the ferew E ; as the ferew is prevented from 
turning by the crofs bar, n, on its end, the ferew is drawn 
endways, and confequently the cutter block with it, until 
it meet 8 the end of the cylinder, when the cutters begin to 
bore, forming a new fmooth cylinder, fomewhat larger than 
the old one left by the calling of the cylinder ; as the 
cutters clear the metal before them* they are drawn fur- 
ther into the cylinder by turning the crof$ ; m m, until they 
come completely through. The operation is now finilhea, 
and the cylinder is removed in the fame manner as it was 
put in, the machine being left in pieces ready to put in an- 
other cylinder to be bored. 

A great number of cutter blocks, fig . 4, are caft, of 
different fixes for various cylinders, and they all fit upon 
the fame Hiding cylinder, I) D, fig. 3. 
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DAMP, adjcftivc (from the Dutch dampe), denotes a 
perceptible decree of moifture in any thing; inch as in damp 
air, damp walls, damp apartments, damp linen, &c. The 
methods of afeertaining the aftual exigence or degree of 
dampnefs in any thing, an examination of the effeftd which 
it is likely to produce, and the various ways of removing it, 
are the objeft6 of philofophy, of medicine, and of civil eco- 
nomy; but as thofe objtfts will be particularly noticed in 
various other articles of this Cyclopedia, fuch as evaporation , 
, ljygrometry t dew, &c.; we (hall in this place only 
give a compendious and fupcrficial idea of the whole. Ai- 
moft all natural bodies, excepting metallic fuhftances, moll 
hard ilones, vitrifications, and a few more, contain at all 
times a certain quantity of water j yet they arc confidered as 
being dry, when that quantity of water is not more than 
that which the affinity of the particles of the bodies to water 
can retain. But fhould that affinity (viz. that degree of at- 
traftion between the particles of thofe bodies and water) be 
diminilhed by any adequate caufe, or fhould the quantity of 
water exceed that which the peculiar affinity of each body 
can retain, then the bodies are faid to be damp, and they 
will appear to be fo, either by the mere touch ol the human 
hand, or by the indications of hygrometers, and other in- 
ftruments. Thus, common atmofphcrical air always contains 
a quantity of water which is perfeftly diffolved in the air, 
and is retained by every particle of the latter, in virtue of 
their mutual attraction of affinity. But that affinity is di- 
minifhed by cold, and is inertafed by heat; therefore, if a 
quantity of air be cooled by any adequate means, its affinity 
to water will of courfe be diminifhed, and part of the water 
it contained will be feparated; forming a vapour which in 
fome meafure affefts the tranfparency of the air, and is ready 
to attach itfelf to any other body which may be prefented to 
it in a ftate fit for the abforption of vapour. The air in 
that ftate is faid to be damp, and an hygrometer placed in 
it will fhew it to be fo, by its ufual movement towards 
moifture. 

On the other hand, if cold air, which appears to be 
damp from the indications of hygrometers, or from moitten- 
ing salts, &c.j be rendered much hotter, its affinity to water 
will thereby be increafcd, and the appearances of dampnefs 
will vanifh. 

Befides the above-mentioned affinity, there is another 
power which enables bodies of every kind to retain water; 
and this is a fort of fuperficial adhefion. (See Capillary 
AitraBkn .) It afts moft powerfully when a given quantity 
of water is expofed to the aftion of a proportionately great 
quantity of furface; hence, all porous bodies have the power 
of retaining water to a certain degree, and under certam ci>- 


cumftancts. Therefore, in a variety of bodies both thole 
powers contribute to retain water at the fame time, aud fucb 
moll probably is the cafe with air itfelf. 

Sometimes bodies contain water proportionate to their de- 
cree of affinity, yet other bodies will rob them of a portion 
of that water; and fuch is the cafe with dry fixed alkalies, or 
frefh quick-lime, which will feparate water from air appa- 
rently very dry. This, however, only proves that certain 
bodies have a greater affinity to water than air or certain 
other bodies have 

Jn certain circnmftances a greater quantity of moifture is 
crowded upon bodies than they can retain; hence they feel 
damp. Thus, the air which lies contiguous to water gene- 
rally contains more moifture thru the air which is more re- 
mote; but the latter by degrees abforbs the fuperfluous 
moifture of the former, and thereby enables it to imbibe 
more of the vapours which rife from the contiguous water ; 
and thus the procefs of evaporation goes on. But if the 
free cit dilation or communication of the air be interrupted, 
then the air which is confined over the water will hold a 
conliderable quantity of fupei fluous moifture, and will there- 
by become damp. Now fuch is the cafe with the air of 
caves, cellar, holds of (hips, &c. when any water is con- 
tained in thofe places. From the above ftatement it evi- 
dently appears that heating and ventilation are the two moft 
powerful means of removing dampnefs. The aftion of heat 
diminifhes the attraftion of folids to water, and increafcs the 
affinity between air and the fame fluid. Ventilation, when 
the air is dryer than other bodies, removes dampuefs by dif* 
fipating the moifture through the atmofphere. 

From the refult of all the experiments that have hitherto 
been inftituted, it appears, that a cubic foot of air faturated 
with water, contains two grains of water at the temperature 
of 32 0 Fab. (viz. at* the point of melting icc); it contains 
four grains at the ttmpcraturc of 48°, fix grains at the tem- 
perature of 6 o°, and eight grains at the temperature of 
68 °. 

A remarkable circumftancc attends the mixture of aqueous 
vapour with air, which is, that air thus faturated with va* 
pour is lighter than an equal bulk of dryer air; and this 
arifes from the denfity of the vapour thus mixed, which is 
lefs than the denfity of the air, in the proportion of three to 
four, according to Sauffure. 

The explanation of feveral natural phenomena may be 
eafily derived from the above-mentioned fafts, attending! 
however, to other concomitant circumftances. Thus, in a 
calm day, when the dr is ferene, a cold wind fprings «p 
from the north or from the eaft, the cold air mixes with the 
warmer, their capacity for containing water » diminiffied, a 



262 

hazinefs enfues, and the air become damp; yet fometimes 
the cold air is dryer on account of particular circumftaneefl, 
and though a hazinefs may at firfl appear, a perftA trans- 
parency will be reftored foon after. 

It frequently happens, that the vapour which is Separated 
from the air by the aAion of cold, remains fufpeoded in the 
/hape of a mift or cloud; yet at other times it defeenda im- 
mediately, and attaches itftlf to terreftnai ladies in the form 
of dew. But in thefe phenomena the aAion of cleAricity 
feems to be in great meafure concerned. Wc (ball have oc» 
cafion to examine the nature of thofe phenomena more at 
large in other parts of this work. 

The cflfcAs of damp air, damp clothing, and damp apart- 
ments, are varioufly modified by the climate, by the tempe- 
rature-. and by the cuftoms of the inhabitants, of every par- 
ticu’ar countiy.' 

Damp, noun fubjlantivc, (from the Saxon dampy a vapour 
or exhalation,) means a fog, or moili air, or moiliure ; but 
it is principally ufed in the plural, damps, to denote certain 
noxious vapours or exhalations iffning irom the earth. 

Thefe exhalations frequently occur in mines, coal-pits, 
wells, and other fuch like excavations ; but fometimes they 
are alfo to be met with near the furface of the earth, efpe- 
cially in the vicinity of volcanoes. The noxious quality of 
fuch exhalations, and the numerous fatal cffeAs which they 
have produced, have obhgtd mankind to collet} the various 
accounts of the phenomena, to invdt’gatc their origin, and 
to contrive methods of preventing their dire effcAs. But 
the accounts have been mufti y furm/hed by miners, whofe 
ignorance, whofe fears, and whofe fufieiings, have gene- 
rally involved the truth in a confiderabie proport’on of exag- 
geration ; yet, from a careful compaiifon of thofe very ac- 
counts, from the refill t of experiments inftitulid by feienti- 
fic per fous, ard from the knowledge of the fubjett of claf- 
tic fluids which has, of late years, been wonderfully pro- 
moted ; the nature of thoft dumps is at prefent pretty well 
aleertaiced, and their cfftAs may be {efficiently accounted 
for; exerpting, indeed, two or three ft range ftorier, which 
are in need either of hfftorical confirmation, or of a much 
deeper piiilof phic.il inveftigation. 

The general cffeA of the damps is a contamination of the 
common, or rtfpirable, atmospherical air; by the admixture, 
not indeed of moifturc, as one might be ltd to underftand 
by the name of damps, but of other eiaftic fluids, which are 
abfolutely unfit for animal refpiration. Curlonic acid gas, 
(formerly called Jised air,) azotic gas (formerly called phio • 
gijlicated air,) and hydrogen gas, or ttijlairimahle air, .ire the 
three eiaftic fluids which generally, if not always, produce 
the damps: we dial), therefore, briefly prnnife the princi- 
pal properties of thefe gafis; in order that the nature of 
the damps may be underltood without much circumlocu- 
tion. 

Carbonic acid gas is abfolutely unfit for refpiration or for 
combuftion ; infomuch, that an animal confined in it, will 
be deprived of life rather fooner than if he were confined 
under water. A lighted candle or torch brought within a 
uantity'of this gas, id extinguished as readily as if it were 
ipped in water. This gas is heavier than common air, in 
the proportion of three to two 5 hence, when it iflues out 
of the earth in hollow or filtered places, it remains for a 
confiderabie time in a ftratum clofe to the bottom of the 
place. Carbonic acid, gas confifts of 7 2 parts of oxygen, 
and 28 parts of charcoal. 

Azotic gas is likewife ui fit for refpiration and for com- 
buftion. Its fpccific gravity is very little below that of 
common air. It is that gas which forms about three-fourths 
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of the atmofpherical fluid, the other quarter confiding prin- 
cipally of oxygen air. It is produced, or rather lift by it- 
felf, whenever the oxygen of the atmofpherical air is ab- 
forhed, as is the cafe in combuftion, refpiration, and various 
other procefle8. 

Hydrogen gas is, by itfelf, utterly unfit for animal rc« 
fpiratioa; but when mixed with common air, it may be 
breathed with impunity. In its pureft (late, hydrogen gas 
weigh* rather lefs than the twelfth part of an equal bulk of 
common air ; but as it is capable of holding in iolution wa- 
ter, fulphur, phofphorus, carbon, See io its fpccific gravi- 
ty generally exceeds that which has been juft dated ; it is 
always, however, much lighter than common air ; hence, 
when it occurs in mines, it is either aAuaI l y iffuing out of 
crevices, or it is lodged under the roofs of thofe excava- 
tions. This gas is highly inflammable, fo that it may be 
fired by the flarne of a candle, or a very fmali citAric fpark, 
or even by a rvd-hot iron ; bur, like other combuftibles, it 
will burn only in route A with common, or oxygen, air ; 
hence, if a lighted candle be prelrnted to a cettain quantity 
of hydrogen gas, this will bum either filer.tly and progref- 
fively, or fuddenly, and with an expit lion, according as the 
common air is contiguous to one fide of it, or is more or 
lefs intimately mixed witk it The greateft cxplofion take3 
place, when four parts of hydrogen gas art mixed with fix 
of common air; the tint of *hc flnme varies according to 
the fubftance diffolved in tlm gas. This gas is produced 
principally m the decompofuion of water; for water con- 
lilts of oxygen and hydrogen gas ; from which circum* 
fiance this gas has obta-ned its name. After the above 
compendious ftatement of the nature and properties of the 
gafes whicn produce the damps, we may proceed to dctcribc 
the phenomena. 

Two fi>rt r> of damps have been principally deferibed ; one 
has betn called the choke-damp, from its fuffocating quality ; 
the other has been called the Jire-damp, from its difpofnioa 
to take fire, and to burn cither gently, or with an cxplo- 
fion. 

The choke-damps generally occur in old mines, called 
wajlcs by the miners; being fuch as formerly had been 
workvd, but afterwards remained negleAed. Thefe damps 
are likewife frequently met with in old wells, deep cellars, 
and other fubterranean places wherein the air has long re- 
mained undifturbed. They are formed by an accumulation 
of carbonic acid gas, which iflues from the ground, and be- 
ing much he?vicr than common air, remains next to the 
bottom, or ground, in a ftratum of various depth, and more 
or lefs mixed with common air, or with azotic gas. The 
eff ds which have been produced by this f >rt of damp are 
more than fwfficient to manifeft the natuie of the gas to 
which it is owing. 

The perfous who happen to defeend within this damp, 
inflantly lofe their refpiration, and fall down fenfelcfs ; nor 
can their death be prevented, unlefs- they are quickly re- 
moved into the open atmofpherical air ; but even thjs method 
frequently proves ineffectual. Several cales are recorded* 
where one perfon having been fuffocated, a ftcond went 
down with a vievjr to fave him ; but he alfo fell, and fome- 
times even a third perfon met with the fame fate. Perfona 
that have thus loft their lives, on examination, have been 
found to exhibit all the marks of animals that have been 
fuffocated in carbouic acid gas. One of the fureft method* 
of afeertaining the prefence of this kind of damp in a well, 
mine,. &c, is to fend down a lighted candle ; for it the can- 
dle continues to burn, you may conclude that a human be- 
ing is pcrfeAly fafe in it ; but if the candle goes out, then 
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the prefence of the damp may be confidered a* certain ; yet 
the human being may breathe, though not with perfeft free- 
dom, in air fo far vitiated as not to be capable of fupport- 
ing combuftsoti. The miners ditlinguiih this laft iUte of 
the air from that which is completely noxious, by the ap- 
pearance of the candle ; viz. if the flame and the rtdnefs or 
coaly part of the wick vanifh at the fame time, they con- 
clude that the air is utterly unfit for relpiration ; but if the 
rednrfs of the wick continues fometime longer alter the 
extin&ion of the flame, then they think it not very dan- 
gerous to defeend into the place. 

On account of the fuperior gravity of the carbonic acid 
gas, and of its affinity to water, a greater quantity of va- 
pour frequently remains fufpended in the choke-damp, than 
in common air ; hence this damp is fometnnet vifiblc like a 
fog or mi ft, and this is particularly the cafe in a cavern near 
Pyrmont. 

It frequently happens that the ftratum of carbonic acid 
gas is not higher than two or three feet ; fo that a mail will 
be perfedl-y Tafe in it as long a.s he remains in a (landing po- 
lition ; but fhould he attempt to lie down or to fit, he 
would run the rifle of being fuffocated. 

The fudden lflue of this damp out of the earth, efpccially 
when any digging has been performed, has fomttimes in- 
ftantly killed the workmen. 

In all fuch cafes, ventilation (in whatever manner it may 
be pra&ifed) is the beft method of difiipating the damp. 
But fhould a man be obliged to go down into a place thus in- 
fe&ed, either for the purpofe of faving another man, or for 
fome other particular purpofe, he would do wed to fill a 
bladder with common air, and by means of a fhort tube 
fattened to the neck of the bladder, and held in his mouth, 
to breath that air ; for a bladder thus filled will laft him 
fome minutes, during which time a great deai might be 
done. He might alfo take with him two or more bladders 
filled with common air, and furnifhed with ftop-cocks, or 
merely with tubes flopped with corks. 

Cautious miners ought always to have fuch bladders, or 
fuch like bags, filled with common air, by them ; for they 
colt little or nothing, and will effeftuaUy feve their lives 
occafionally. 

When digging is to be performed in any place where the 
lead fufpicion of a fudden ifluc of the choke-damp is en- 
tertained, it will be proper to keep a candle or lamp burn- 
ing clofe to the ground ; for if any noxious gas happens to 
come forth, the going out of the flame will afford fufficient 
warning to the workmen. 

The fudden iflue of the choke-damp from the earth fre- 
quently occurs in the neigbourhood of volcanoes, upon old 
lavas, and old accumulation of afhes or other volcanic pro- 
ductions. Numerous cafes of this fort take place in the 
vicinity of mount Vcfuvius, in Naples, where the noxious 
vapours, (called mofete by the inhabitants,) fuddenly enter 
houfes, cellars, &c. to the great annoyance of the inhabi- 
tants, who, as well as other animals, are fometimes killed 
by them. vSee fir William Hamilton’s various accounts of 
the mount Vefuvius and its eruptions, in the Philofophica! 
Tranfa&ioiis, for 30 or 40 years paff. Some of the fcienti- 
fic perfons of the above-mentioned country have occahonal- 
ly endeavoured to afeertain the nature of the gas which 
produces thofe mofete ; and from their experiments it ap- 
pears, that the greateft part of the gas is carbonic acid, 
but more or left mixed with azotic gas, and frequently ac- 
companied with fulphureous and arfemcal vapours. A re- 
markable inftance of a contiauai ftream of carbonic acid gas 
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iffuing from the earth, occurs near the city of Naples. At 
about five or fix miles from that city, near the foot of a 
hill, there is a famous cave called grotta del cane in the Ita- 
lian language. This grotto is about fourteen feet long, and 
marly ftven feet high at % the entrance. On the bottom of 
it, which ft nearly on the fame level with the adjacent ex- 
ternal ground, th<.re is at all times a ftratum of carbonic 
acid gas or choke-damp, which is continually coming out 
of the earth, through the fiflurra which are pretty apparent 
on the ground ; and where the production of fuch gas has 
been remarked from time immcmoiial, Aidmals of different 
fpceies, as well as human bungs who fhelttrtd themfelves in 
this grotto, were at times found dead in it, in confequence 
of which a door was placed to the aperture of it, which is 
now only opened occafionally. The experiments ufually 
(hewn to the curious who vilit this grotto, arc, that of 
bringing a lighted torch or lighted piece of paper near the 
bottom or floor 5 the flame of which is extinguifhed as foon 
as it comes within about 14 inches of the ground; and 
fecondly that ol confining a dog with its head clofe to the 
ground for about a minute. The rcfpiration of the animal 
is in ftantly afleltcd, and its ftrength fails, fo as to rtmiin 
apparently dead j but on being expofed to the ambient air 
out of the grotto, if it be not too far gone, the poor ani- 
mal will gradually recover its relpiration and its llrength. 

It is from this ufuil experiment that this grotto has obtain- 
ed its name : cane being the Italian for a dog. „ 

Joannes Cararnutlis, in Ins Mathdis Nova, printed in the 
year 1670, relates fome experiments made by himfelf and 
others upon the noxious elaftic fluid of this grotto, which 
are very remarkable, conlidering the time in which they 
were made. He obferves, that the fmoke of a candle, ex- 
tinguifhed near the bottom of this grotto, ft entirely retain- 
ed within the ftratum of gas ; and that if part of that 
fmoke happened to be driven cut of the grotto, it defeendtd 
like water falling from the edge of a tub. Had he been 
acquainted with the nature of carbonic acid gas, he 
wo'uld have eafily underllood that the fmoke was retained 
on account of the great attraction between that gas and the 
aqueous particles ; and that it defeended, when driven out 
of the grotto, on account of the great fpecific gravity of the 
carbonic acid gas with which it was combined. The fame 
ingenious perfon relates another experiment, which tends to 
prove the acid quality of the gas concerned, which quality 
has long after been fully afitrtaincd. He and his comj%* 
uions placed the head of an alembic 011 the bottom of the 
grotto; and as this ioftrument was colder than the air of 
the grotto, which generally is pretty warm, it colle&td a 
few drops of a watery fluid, which, to the tafte of his corn- 
anions, feemed to be acidulous. In the prefent ftate of 
nowledge this experiment is eafily explained ; it being 
evident that the head of the alembic condcnfed the watery 
particles from the air of the grotto, and thefe became aci- 
dulous in confequence of their becoming impregnated With 
the carbonic acid gas. The ground in the neighbourhood 
of grotto del cane (hews manifeft figus of fubterranean firci 
or fermentation, as it abounds with fuiphur, hot fpringe 9 
emanations of fmoke, &c. 

Fire clamps though confiderably heavier than pure hy- 
drogen ga«, is yet much lighter than atmofpheric air. Hence 
where a tolerable ventilation is kept up, it feldom accumu- 
late* to a dangerous amount in the (hafts, or vertical pits, 
that arc open to the air ; but in the horizontal galleries, 
where it occupies the upper part, forming a ftratum, lying 
immediately in contaA with the roof. It generally makes 
its firft appearance in the cracks and crevices of the coal. 
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particularly where it is moift and abounding in pyrites. 
While it is thus oozing out, it often burns with a quiet 
light blue lambent flame, which, on the conta& of a candle, 
explodes with a hiflingnoife, and, fora time, is extinguilhed 
or forced into an adjacent crevice. In proportion as the 
water is drained off, the produ&ion of this gas diminifhes, 
fo that the dryeft mines are the lead infefted with it. 
Heat contributes much to its generation ; hence it is gene- 
rally more abundant during the fummer than the winter 
months. If it is not cleared out of the mine, in proportion 
as it is produced, it foon begins to accumulate in the upper 
part of the galleries, on which account it is a caution well 
worth remembering, by thofe who vifit a coal-pit, to hold 
their candles as low down as pofiible. The gas thu3 con- 
tinues to incrcafe without producing any material incon- 
venienee to the miners, till, at length, it comes in contaiff 
with fomc lighted candle : the flame is immediately increaftd 
to five or fix times its ufual fize, and in a fecond or two after- 
wards, the whole body of ga9 takes fire : a volume of 
fkme and black fmoke darts from the gallery into the ver- 
tical (hafts, whence it rifts into the air with a loud ftunning 
cxplolion, throwing up, to a coniidtrable height, men, large 
beams of timber, and £v ;ry thing elfe that happens to be in 
its way. As foon as the cxploiion has taken place, the ex- 
ternal air ruflus violently into the mine to fillup the vacuum, 
and the refidual inflammable gas again takes fire, and burns 
quietly fora few minutes, till it is extinguilhed. 

When an accident of this kind happens, there are three 
diftind dangers to which the minerf within its influence are 
expofed. In the fi ft place, thofe who are in the gallery 
where the inflammation commences are fcorched by the fire, 
and are alfo liable to fulFer feverely from the rufhing in of the 
air tofupply the \acuum cauftd by the cxplofion. Secondly, 
thofe who happen to be in the (haft, or near the mouth of 
the gallery, are cither blown up out of the pit, or are 
killed by being violently forced againft its Tides. In the 
latter ot thefe fituations there i9 no poflibility of efcape ; but 
thofe who are not exploded, often lave their Ijves by throw- 
ing themfelves on their faces on the ground, and covering 
themfelves, as well as they can, with (mall coal, &c. till the 
danger is part. No patticular odour is perceivable before 
the inflammation, but afterwards a (trong and fuffocating 
fmcll of burning fulphur becomes very obvious. 

We (hall now give a fummary of* the fafts that were col- 
le&cd from the miners by Mr. Jtffop, as given in the Philo- 
fophical Tranfafttons, N° 119. 

1. 41 Thofe *ho are in the place where the vapour is 
fired, fuddenly find themfelves furrounded with flames, but 
bear little or no noife ; though thofe who are in places ad- 
jacent, or above ground, hear a vtry great one. 2. Thofe 
who ate furrounded by the inflamed vapour feel themfelves 
fcorched or burnt, but. are not moved out of their places ; 
though fuch as unhappily (land in the way of it, are com- 
monly killed by the violence of the (hock, and are often 
thrown with great force out of the mouth of the pit ; nor 
are the heavieft machines found able to refift the impetuofity 
of the blaft. 3. No fmtll is perceived before the fire, but a 
very ftrong one of bpmftone is afterwards felt. 4. The 
vapour lies towards tne roof, and is not perceived if the 
candles are held l6w ; but when thefe are held higher, the 
damp defeends like a black milt, and catches hold of the 
flame, lengthening it to two or three hands full ; and this 
appearance ceafes wlitn the candles are held nearer the 
ground. 5. The flame • continues in the vault for feveral 
minutes alter the crack. 6 . Its colour is blue, fomc* 
thing inclining to green* and very bright. 7. On the ex* 
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plofion of the vapour, a dark fmoke, like that produced from 
firing gun-powder, is perceived. 8. Damps are generally 
obferved to come about the latter end of May, and to con- 
tinue during the heat of fummer. They return feveral 
times during the fummer fcaLn, bat oburve no certain 
rule.” 

The fire-damps generally occur in coal-mino9; and in 
the Philofophical Tranfaclions, N° 136, wc find feveral ac- 
counts and obfervations made in digging fuch mines ; and 
from thefe we (hall compendioufly extract the mod ufeful par- 
ticulars. 

“ After they had gone, the account fays, a confiderable way 
under ground, and were fcatited of wind, the fire-damps did 
begin by little and little to breed, and to appear in crevice* 
and flits of the coal where water had been before the open- 
ing of the coal, with a fmall blucifh flame, working and 
moving coRtinually ; but not out of its tirft feat, Unltfs the 
workmen held their candles to it 5 and then being weak, 
the blaze of the candle would drive it with a Hidden fiz 
away to another crevice where it would foon after appear 
blazing and moving as formerly. 

“ This mine was r.egle&cd for a certain time ; and upon a 
morning, the firft collier that went down with his candle in 
his hand, the damp prefcntly darted out fo violently at his 
candle, that it (truck the man quite down, finged his hair 
and clothes, and difabled him for a while. After the cef- 
fation of work for fome days, in going down the firft time* 
the fire-damps have often exploded with terrible tfFe&s.” 

The bad effc&s of the fire-damps may, in a great mcafurr, 
if hot entirely, be prevented by vigilance, and by a proper 
conformation of the excavations. In digging a mine, due 
attention ought to be paid to the roof of it, which ought 
to be fhaped fo as in fome meafure to refemble an iuverted 
funnel, v/a. having the higheft part of it near to the (haft 
or (hank ; for, by this means, the hydrogen gas, or fire- 
damp, would afeend into the atmofphcre as foon as it is 
generated ; nor could it be lodged any where in fo great a 
quantity as to produce ,any dangerous tffeds. In mines 
already formed, and efpecially when they have not been 
worked for a certain time, it is always proper to let down 
two or three lighted candles by means of a rope ; and if thefe 
produce no inflammation, then a man with a candle ought 
to be fent down, who, after advancing a few fteps into the 
mine, ought to lay himfelf down, and ought to lift up a 
lighted candle on the top of a pole as high as he can ; for 
the inflammable gas which always occupies the upper part 
of the mine, may, in that cafe, be exploded with hardly any 
danger to the man. 

When miners are aftually working in a mine, the accu- 
mulation of the inflammable gas may be cafily prevented, 
viz. by firing it off immediately as it iffues out of the various 
crevices. 

Ventilation is the bed method of removing damps out of 
mines, and at the fame time of giving wholefome air to the 
labourers ; but this is hardly practicable in fuch mines as are 
furnifhed with one (haft or aperture. It is, therefore, al- 
ways to be wifhed that mines of any extent (hould be fur- 
nifhed with two or more (hafts in proportion to their extent. 
The ventilation then may be promoted by lighting a fire 
under one of thofe (hafts ; for by this means the air of that 
(haft being rarefied, will be forced to afeend, and of con. 
fequence an influx of pure atmofpherical air will enter the 
mine through the other (haft or (hafts. Several mechanical 
methods have alfo been ufed for the ventilation of mines. 
The nature of the gas which produces the fire-damp, aa 
well as that which produces the choke-damp, has been fre- 
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quently fubjefted to pMlofopWcal experiment!, with a view 
to ascertain both it* origin and it* qualities* Sir James 
Lowther collefted the gas of the fire damps in bladders, 
and thus brought it up to London, where, upon trial, he 
found, that on being let out of the bladders, it would take 
fire at the flame of a candle. But fome recent experiments 
of Dr. William Henry, on a fimilar fort of ga«, were per- 
formed with greater care ; and their refults, which we (hall 
fubjoin, are much more fatisfa&ory. 

“ About the clofe, Dr. Henry fays, of i$o6, I received 
from the Rev* W. Turner of Newcaftle-on-Tync, two 
bladders filled with the fire-damp, which had been procured 
from a coalmine in the neighbourhood of that town. It 
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omprefled bladder on the pipe 
of the funnel, after the gas had iffued from it for fome time. 
My experiments were made on the gag, about feven days 
after its being firftcolle&ed. At that time the bladders were 
perfectly dry, and (hewed no figns of putrefadtion.” 

The general refults of thefe experiments, (as ftated in a 

memoir which was read in Tanuarir ifinn *L- 
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appeared by Dr. Thomfon’s experiments, to contain in zoo 
mcafureg| 

63.0 inflammable gaa 

6. K oxygen 
Z5.5 azote 

5.0 carbonic acid 

IOO.O.” 

Notwithftanding all the above-mentioned fads, experi 
mints, and obfervations, the real origin of the gaffes which 
roduce the damps is by no means thoroughly undei flood* 
ndeed the origin of the carbonic ac d which nrodur#.® tk* 


iiuucb ana otner minerals; alio that the a&ion of 
heat eafily extricates that gas from the above-mentioned mi- 
nerals; fo that whenever any fermentation, or any heat 
arifmg from various caufes, happens to ad upon fuch mi. 
ncrals, the extrication of carbonic acid is a natural conft- 
quence. But the origin of the hydrogen gas is not equally 
clear. It was formerly a prevailing opinion, that the in- 


difagreeable fmcll. When fet on fire, as it ifTued from the 
orifice of a fmali pipe, it burned with a dark blue flame ; and 
a long conical glafs veffel, held over the flame, was foon 
bedewed with moifture. Mixed with common air, it did 
not detonate on the approach of a lighted taper, at Icall in 
any proportion that was tried. The utmofl effedt was a 
deep blue flame, which fpread quickly through the veflel, 
but was not accompanied with any noife. With oxygen 
gas, however, it exploded, and gave a loud report. On 
agitation with lime water, it loft about ^th of its bulk. 
The niceft teds did not difeover any admixture of ful- 
phurated hydrogen. One hundred parts by meafure ap- 
peared, therefore, to confift of 

63.34 atmofpherical air 
l .66 carbonic acid 

35.00 inflammable gas 


100.00 

“The nature of the inflammable gas was next ascertained 
by detonation with oxygen gas. Reducing the refults to a 
general average, and excluding the common air, the really 
inflammable part of the gas required for combuftion about 
twice its bulk of oxygen ; and gave its own volume of car- 
bonic acid. Hence the inflammable portion of the gas was 
carbureted hydrogen. From the experiments of Mr. Dalton 
on the gas from ftagnant water, and my own obtained by 
dittilling pit-coal, the fire-damp appears to differ very little 

from both thefe gaffes. rc 

tt It was dcfirabic, however, to repeat the analyfis of fire- 
damp. lefa adulterated with common air; and for this pur- 
pofe a quantity was colleded (as it iffued through water on 
the floor of a mine) in an inverted bottle, which was well 
corked, and tied over with a bladder. Happening to pafa 
through Newcaftle laft fpring, I carried this gas with me to 
Edinburgh: and, having no opportunity of making experi- 
ments upon it there, my friend Dr. -Thornton was fo good 
aa to undertake ita analyfis, and to furnifh me with the fol- 
lowing refulta* , .. . A _ 

«c prom the a&ion of nitroua gaa and lime-water, the gaa 
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if the hydrogen were produced by the aAion of pyrites upon 
water, a quantity of fulphur would be naturally contained in 
the gas, which does not appear to be the cafe from the 
above mentioned experiments of Drs. Henry and Thomfoti, 
who expreMy mention their not having found any fulphureU 
ted hydrogen in the fire-damp which they examined. 

If we conlidcr the various fucccflivc ftrata of different 
materials which almolt every excavation, and efpecially coal 
and metallic mines, exhibit to our view, a much more ra- 
tional mode of accounting for the produ&ion of the inflam- 
mable gas perhaps would be, by attributing the decompofi- 
tion of water, and the confequcnt extrication of the gas, 
to the agency of deflricity, agreeably to the phenomena pf 
that branch of it which is at preftnt mt.ft advantageonfly 
cultivated under the name of Galvanic Electricity; 
which fee. 

Having thus ftated every thing which feemed to be of 
importance with refpedt to the damps, which have infefted 
from time immemorial, and do actually continue to infeft 
mines of almoft every kind; we (hall clofe this ai tide with a 
fhort account of two other, much lefs authentic, or much 
lefs known, kinds of damp. The account (which is con- 
tained in the Philofophica) Tranfadlions, as given by the 
fame Mr. Jeffop, whom we mentioned above) is as fol- 
lows : 

“ They call the third fort the ptajt-bkom dampy becaufe, 
as they lay, it fmells like peafe -bloom. They tell me it 
always comes in the fummer-time j and thofc grooves are 
not free which are never troubled with any other fort of 
damps. I never heard that it was mortal 3 the feent, per- 
haps, freeing them from the danger of a furprife ; but by 
reafon of it many good grooves lie idle at the beft and moft 
profitable time of the year, when the fubterraneous waters 
are the lowett. They fancy it proceeds from the multitude 
of red trefoil flowers, by them called honey-fuckles, with 
which the lime* It one meadows in the Peak do much abound. 
The fourth damp is the ftrangeft and moft peftilential of 
any, if all be true which is faid concerning it* Thofe who 
pretend to have feen it (for it is vifible) deicribe it thus. In 
the higheft part of the roof of thofe paffagea which branch 
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out from the main groove, they often fee a round thing 
hanging, about the bignefa of a foot ball, covered with a 
{kin of the thicknefs and colour of a cob* web. This, they 
fay, if it is broke by any accident, at tbe fplintcr of a done, 
or the like, difperfeth ifelf immediately, and fuffocates all 
the company. Therefore, to prevent cafualties, as foon at 
they have efpied it, they have a way, by the help of a flick 
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and long rope, of breaking it at a diftance; which done, 
they purify the place well with fire, before they dare enter 
it again. I dare not avouch the truth of this ftorv in all its 
circumflancei, becaufe the proof of it it impofuble, fince 
they fay it kill* all that are likely to bear witnefs to tbe 
articulara ; neither do I deny but fuch a thing may have 
cen feen hanging on the roof, fince I have heard many af- 
firm it." 
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DENDROMETER, (from iofyov, a tree, and 
I meafurc ,) an inftrument for meaftuing tree*, The firtt in- 
ftrument for the purpofe of meafuring the trunk, the 
branches, and the height of a tree, without aftaa’lv touch- 
ing the tree, was contrived, not many years ago, by M^fTrs* 
Duncombc and Whittel, who called it the dendrometer, and 
obtained a patent for the exclufive Ult of it# Since this 
inftrument ferves to meafure trees fiom a determinate dis- 
tance, other inflruments, contrived fubfequent to it, for the 
purpofe of meafuring the lizes as well as the diftances of 
ol jtfts in general, though not particularly intended for the 
menfuration of trees, have Kkcwife been called dendrometer /. 
The principle of every one of thofe inftruments is# that a 
part of the inftrument forms a bafe of known dimenfions, and 
the angle at each extiymity of this bafe being mcafured with, 
great accuracy, the dtftancc of the objeft may be obtained 
by means of an cafy calculation, or from a table. Th® 
dift/tnee being thus afcertained f the frze of the objrfi will 
afterwards be eafily determined from the angle which it if 
found to fubtend. We fhall now in the firft place deferibe 
MrflVs. Duncombc and Whittens original dendrometer 5 fe- 
condly, we fhall deferibe another inftrument lately contrived 
lor the purpofe of meafuring trees but by immediate con- 
taft ; and (hall, laftly, give a general idea of the other inftru- 
ments for meafuring diftances, & c# which have likewife ob- 
tained the name of dendrometers * 

11 Mcffr?. Duncombc and Whittel 1 * dendrometer conftfts of 
a femicircle A, ( Plate VI, Surveying jig* 7.) divided into two 
quadrants, and graduated from tlic middle. Upon the diame- 
ter B, there hangs a plummet, L, for fixing the inftrument in a 


vertical pulition. There is aifo a chord, D, parallel to the dia- 
meter, and a radius, E, palling at right angles {(trough the dia* 
meter and chord. From a point on the radiu^, hangs an alti- 
meter C, between the chord and diamtter.to which is affixed a 
fmail femicircle G, and a (crew to confine it in any pofition. 
The altimeter, which is contrived to form the lame angle 
with the radius of the inftrument as the tree foims with the 
horizon, is divided from its centre both ways into 40 equal 
parts ; and thefc parts are again fubdivided into halves and 
quarters. Upon the fmail femicircle, G, on which is ac» 
counted the quantity of the angle made by the altimeter 
and radius arc expreffid degrees from 60 to J2o; being 
30 on each quadrant. The radius is numbered with the 
fame fcalr of divifions as the altimeter. There is alfo a no- 
nius to the fmail femicircle, which (hews the quantity of 
an angle to every five minutes. On the back of this in- 
Itrnment the Hock M, (Jig* 8 ) of the Hiding puce is con- 
fined to the axis N which moves concentrically parallel to 
the elevation index, F, (fig* 7.) on the oppofite fide, to which 
it is affixed. This index is numbered by a fcak of equal di- 
viiions with the altimeter and radius. At the end of the 
index is a nonius, by which the angles of elevation above or 
of depreffion below the horizon, meafured upon the femi- 
circle of the inftrument, are determined to every five mi- 
nutes. There is alfo a groove in the radius, that Hides 
acrofs the axis by means of a ferew, l, woiking between the 
chord and femicirt 1 * of the inftrument ; and this ferew i* 
turned by the key 0 . Upon the Hock, M, (fig 8.) is a Aid- 
ing piece, P, that always afts at right-angles with the alti- 
meter, by means of a groove in the latter. To the flunk 
of the Aiding piece if affixed a moveable limb, Qj which 
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forma the fame angle with the altimeter as the bough farms 
with the body, or trunk, of the tree. This limb may be 
of any convenient length, divided into equal parts of the 
fame fcale with al) the foregoing divifions.” 

44 At the extremity of the fixed axis, on a centre, an in- 
dex, R, with telefcopic fights, works horizontally upon the 
moveable limb of the Aiding piece. Upon this horizontal 
index, R, may be fixed a fmall quadrant, T, defenbed with 
any convenient radius from the centre, on which the index 
moves, and divided into 90° ; beginning at a right line drawn 
from the centre at right angles with the fiducial edge of the 
{aid index ; and upon the extremity of the axis is a nonius, 
whereby to determine the quantity of an angle upon the 
quadrant to every five minutes. There are alfo two fmall 
circular arches, S, S, ferving to keep the fights in a parallel 
pofition, each containing an equal number of degrees. Up- 
on thefe arches is meafured the angle, fubtending a fide 
equal to the difference of the altitudes of the obferved ob- 
jects, above the plane of the horizor, and whofe bale is the 
neareft diftance between the perpendiculars, in which thofe 
•bjefts are fituated. The dendrometer is fitted to a theodo- 
lite, and may be ufed either with or without it, as occafion 
requires.” 

44 The principal ufe of this inflrument is for mcafuring the 
length and diameter of any tree, perpendicular, or oblique, 
to an horiz ntal plane, or in any fituation of the plane on 
which it reds, or of any figure, whether regular or irre- 
gular, and alfo the length and diameter of the ‘boughs, by 
mere infp'ftion ; and the inventors of it Inve calculated ta- 
bles, annexed to their account of the inflrument itfelf, by the 
help of which the quantity of timber in any tree is obtained 
without calculation, or the ufe of the Aiding rule. 

44 The inflrument is rcftlfied by fetting it in a perpendicu- 
lar pofition, by means of the plummet, and fertwing it to 
the ftaffj then the altimeter is placed in the exaft pofition 
of the tree, whether perpendicular, reclining, or inclining, 
and is fere wed fait. If the tree (lands on level ground, the 
horizontal diftance from the tree to the axis of the inft^u- 
ment it meafured with a tape line, and the radius is moved 
with the key, till that diftance be cut upon it by the infide 
of the diameter : but if the ground be Aanting, the diftance 
from the tree to the inflrument ia meafured, and the eleva- 
tion index is moved, till the point of the tree, from which 
the diftance was meafured, is feen through the fights, and 
there ferewed faft 5 and the radius is moved backwards or 
forwards with the key, till this diftance is cut upon the ele- 
vation index by the perpendicular line of the altimeter; and 
the horizontal line will be marked upon the radius by the 
infide of the diameter* In order to obtain the length of 
the tree, the elevation index is firft moved downwards, till 
the bottom of the tree, cut by the horizontal wires, is ob* 
ferved through the fights, and the feet and inches marked 
by the index upon the altimeter below the point of fight, 
or horizontal line, are noted down : then the index is 
moved upwards, till the part which you would meafure, 
Cut by the horizontal wires, is feen, and the feet and inches 
marked on the altimeter, above the point of fight, are noted : 
thefe two quantities added together, give the exaft leugth 
of the tree, which is infertea in a field-book. For the 
girth of the tree, the circumference in that part where the 
horizontal diftance was taken, is meafured with the tape 
line ; and a fixth part of this circumference is added, to tne 
diftance on the radius, which was before cut by the infide 
of the diameter, becaufe the tape-line, in taking the dif- 
tance, cannot be applied to the centre of the body of the 
tree ; then the elevation index is lowered to that part of the 
tree* of which the diameter is to be taken, and is Screwed 
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faft. Set the moveable limb of the Aiding-piece quite ftraight, 
and the edge of the horizontal index upon the firft divilion 
of it. Ttirn the whole inflrument about to the left hand, 
till you fee, through the fights, the It it fide of the tree cut 
cx^ftly by th? perpendicular wires: then the inftrument be- 
ing fixed, move the fights only upon the Aiding-piece, till 
you fee the right fide of the tree, cut alfo by the perpendicu- 
lar wires, and you will find the true diameter, marked by the 
horizontal index upon the Aid ; ng-piece, which is to be en- 
tered in a diftinft column of the field-book. 

44 For the boughs : let the diftance on the radius be now 
reduced to its former quantity, and the elevation index 
moved upwards, till the bough is feen through the fights, 
and ferewed faft. Set the moveable part of the Aiding 
piece in a pofition parallel to the b* ugh, aod the edge of 
the horizontal index on the firft dtvifion of it. T'irn the 
whole inftrument about, till you fee, through the fights, the 
fhoot of the bough, clofe to the trunk cut by the perpendi- 
cular wire* 5 then mnve the fights, till you fee the other 
end of the bough cut by the faid wires, and note the feet and 
inches marked by the horizontal index on the moveable limb 
of the Aiding piece, which will give the true length of the 
hough to be interted in the field-book. And the girth of 
the bough may be obtained, by direfting the fights to that 
part of it, whofe girth is dtfired ; then by moving the ele- 
vation index downwards, till you fee the under fide of the 
bough cut by the horizontal wires, and there noting the 
feet and inches marked by the faid index on the altimeter ; 
after which let the elevation index be moved upwards, till the 
upper fide of the bough, cut by the horizontal wires, is feen; 
the feet and inches marked upon the altimeter arc to be noted 
as before : the former quantity fubtrafted from the latter, 
will give the true diamettr of the bough, which is entered in 
the field-book. The true folidity, both of the body of the 
tree, and of the boughs, may be found from the diameter and 
lengths, in tables calculated for this purpofe. 

44 The dendrometer, fitted to a theodolite, may be applied 
to the mcafuring of heights and dillanccs of objefts acaifi- 
ble or inacceflible, whether fituated in planes parallel, or ob- 
lique, to the plane in which the inftiument is placed. It 
may be alfo uled for taking all angles, whethet vertical, ho- 
rizontal, or oblique, in any pofition of the planes in which 
they are formed ; and thus for facilitating the praftical ope- 
rations of engineering, land-furveying, leveling, mining, 8c c. 
and for performing the various cafes of plane trigonometry, 
without calculation ; of which the inventors have fubjoined- 
• variety of examples to their account of the inflrument ia 
their treatife upon the Dendrometer 

Notwithftanding the oftenfible extenfive application of 
this inftrument, it does not appear that the ufe of it has been 
generally adopted, which may be principally attributed to 
its complicated conftruftion. 

The 2jth volume of the Tranfaftions of the Society for 
the encouragement of Arts, Manufaftures, and Commerce, 
contains a very ufeful and Ample machine for the meafure* 
ment of the girths of trees, to which the inventor, Mr, 
James Broad, gives the name of Gauge* or Meafure for Tim - 
for, but which in faft is a dendrometer in the ftrift fenfc of 
the word, and it therefore deferves a place in the prefent ar« 
tide. This inftrument is reprefented in Plate III. Surveyings 
Jig . 9. a a, a a% Mr. Broad fays, are two long pieces of well* 
feafoned wood, Joined near the middle by a pin, 4 , going 
through them, forming an axis on which tney move : c t r, are 
two pieceaof brafs ferewed near the upper ends, on the fidea 
oppofite to each other, and projefting over to form the me#* 
furjng points : d % is the index fattened to one of the piece* 
of wood at and moving freely under a fmall bar at*/s 
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gygi are fcrewa with nut*, placed in the middle of the long 
Hits of the two arm?, to wedge them open, whereby the 
vibration is deftroyed, and the arms, though light., are ren- 
dered ft Iff: A, A, A, A, are (crews and nuts, to prevent the arms 
from fplitting. With refpeA to the general conftruAion, 
off, and improvements that may be made to it, Mr. Broad 
expreffes himfelf in the following manner. 

“ The inftrument is compofed of two llraight pieces of 
wel’-feafoned deal, ab.ut 13 feet long, joined together by 
a pin going through them, on which they are movable ; but 
neither the length nor thicknefs is of any particular con- 
fluence, as by following the direAions hereafter given, 
they may be made of any fizc, A little way from the 
large end is a brafs limb, I call the index, on which are 
engraven figures denoting the quarter-girth in feet and 
inches. To ufe this inftrument, it is only neceffary to take 
hold of the large end, and apply the other to that part of 
the tree where you wifh to know the girth, opening it fo 
wide as juft to touch at the fame time both fides of it, 
without (training it, keeping the gtaduated fide of the index 
upptrmoft, on which the greater girth will be (hewn, after 
allowing for the bark, by the inner edge of the brafs on the 
right-hand leg. An operation fo cafy and limple, that a 
perfon of the meaneft capacity might meafure a great num- 
ber of trees in a day. 

41 For taking the height of a tree, I would recommend 
deal reds of (even feet long, made fo as to (it into ferrils at 
the end of each other, tapering all the way in the fame 
manner as a fifhing-rod. A fet of five of them with feet 
marked on them, would enable a man quickly to meafure a 
true of more than 40 feet high, as he would be able to 
reach himfelf about feven feet. 

14 The improyemeuta it is capable of, are, making a joint 
in the arch or fcalc, to enable it to (hut up, (when the legs 
are clofed) towards the centre, which would make it eafier 
to carry. Secondly, as it fomclimes happens that (landing 
timber is fold without any allowance fot bark, and at other 
times with a lefs allowance than one inch in 1 J, two other 
feales on the index might be added in fuch cafes, one with- 
out any allowance, and the other to allow aa might be 
agreed on. I would have added thefr, but thought the fo- 
ciety would rather fee it in the ftate in which it has been 
tried on a large furvey, as any artift can with great eafe add 
whatever fcale he plcafes. The prefent (owe allows one 
inch in 13 for bark, and is calculated on the following data. 
The diameter of a circle, whole quarter-circuanfercncc is 26 
inches, is 33.96 inches. The diameter of a circle, whofe 
quarter-girth is 6^ inches, is 8.27 inches. To graduate the 
icale, the inftrument is opened fo as to take in at the (mail 
end between the touching points 8.27 inches, and a mark 
is made on the arch to denote 6 inches quarter-girth ; it is 
then opened fo aa to take in 33.96 inches, and another mark 
is then made on the arch, to denote 2 feet quarter-girth ; 
(thefe marks arc made clofe to the inner edge of the brafs 
on the right-hand limb :) the fpace between them is then 
divided into 18 parts, which reprefent inches, and are again 
divided into halves, for ha>f-inchc&; if any notice is to be 
taken of quarter-inches, the eye will cafily make a farther 
decifion.” 

The methods of determining the diftancea and fizes of 
objects placed at a diilance from the obferver, depend en- 
tirely upon trigonometrical principles ; and thofe methods 
for effecting that purpofe, which leem to differ from trigo- 
nometrical principles, will upon examination be found to be 
nothing more than trigonometrical methods abridged or dif- 
gui ltd. The general principle upon which all the operations 
oi plane trigonometry depend, is to find out three of the 
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fix parts of a triangle, when the other three are known j 
(the fix parts being the three Tides and the three angles ;) 
excepting, howtver, when the three angles are given $ for 
in this cafe the proportion only of the three Tides may be 
found ; but not their aAual lengths. 

When an inaccefliblc diftance is to be determined by tri- 
gonometry, the method is to meafure a line or bait upon 
any convtment place, and to ohfervt the an which the 
imaginary lines, fuppofed to be dr^wn from the extremities 
of that hafe line to a uoint or o!»j«*M at the extremity of 
the diilance fought, make with the bafe; for in that cafe 
we have two angles, and one fide of a triangle, whence we 
find by calculation the lengths of the other (id s, one of 
which is tie diilance (ought. If an objeA of any known 
dimenfions be firuated at the extremity of the diilance 
fought, that diftance may then be determined without the 
neccflity of affuming a bale line upon the place of obferv- 
ation ; for in that cafe, the ol j* A itfeif will be fuppofed to 
form the bafe of an ifofceles, or of a nght-angltd mangle ; 
and it will be only neerffary to meafure the angle which 
that objtCt fubtends at the place of obfervation. The di- 
ftance of an objt A beirg known, the fize of the object may- 
be ealily determined by on y mcafuring the angle which it 
fubtends. 8re Trigonometry. 

Now the dendromettrs (or mcafuring diftanceB from * 
fingle ftation, are fo conftrnArd as to have a line of a de- 
terminate length within themfelvca, which ferves as a bafe 
line, and two dividrd circular arches, or feme other contri- 
vance by which the angle which the direction of a diftant 
objeA makes with that bafe line at each extremity of it, 
may be meafured. But as fuch inftruments cannot be made 
of an inconvenient large fize, the bafe line which they con- 
tain is but fhoit, and the error of the calculation is greater 
when the bafe line is (hortcr, and vice verfd ; whence fuch 
inftruments feldom furnifh a refult lufliciently exaA, at lealt 
for certain purpofes. 

The moll complete inftruments of this kind are furnifhed 
with two or more fpeculums, (femewhat in the manner of 
Hadley's quadrant,) for meafuring the difference of the an- 
gles at once. Upon this plan feveral inftruments have been* 
contrived and offered to the public by various writers. One 
of the moft promifing, though not the moil compaA, is de- 
ferred in •• Gower's Supplement to the PraAical Seaman- 
(hip.” But as we are not acquainted with the conftruAion 
of any inftrument of this kind, that is quite free from 
ftrong objeAions, we (hall only fubjoin a general idea of the 
principles upon which fuch an inftrument may be con-ftruft- 
ed ; for the ufe of thofe perfons who may be defirous of 
employing their thoughts upon the poffibic improvements of 
that conftruAion. 

The following plans are fuggefted by William Pitt, efq* 
in the fecund volume of the Repertory of Arts $ which t 
he fays, may perhaps be otherwife varied and improved. 

“ O, (jig . 10.) is the objeA, whofe diftance is required# 
ABODE is the inftrumeut in piano ; BC 1 telcfcope 
placed exaAly parallel to the fide A E. C E an arch of a 
circle whofe centre is at A, accurately divided from E, in 
degree?, &c. A D is an index, moveable on the centre A, 
with a nonius at the end D, graduated to apply to the divp 
fions of the arch ; alfo with a teltfcope, to enable the ob- 
ferver to diferiminate the objeA, or any particular part, or 
fide, thereof, the more accurately. The whole ftiould be 
mounted on three legs in the manner of a plane-table or 
theodolite, and furnimed with (pint* levels, to adjuft it to 
an horizontal pofition. The inftrument being placed in iuch 
pofition, the telefcope B C mutt be brougnt upon the ob- 
jeA O, or rather upon feme particular point ox fide thereof % 
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when, heinc* there fattened, the index A D mutt be moved, 
till ito telefcope exa£tly (trikes the fame point of the objeft; 
then the divifions on the arch E I), mark out the angle 
DAE, which will be exa&lv equal to the angle BOA. 
And the fide B A being already known, the diftance B 0 , 
or A O, may he eafily determined two different ways; viz. 
ill, by fuppofwg the triangle BOA to be an ifofceies tri- 
angle; or, 2(Ily, by fuppofing the triangle ABO right* 
angled at B. The accuracy of Inch an inftrument does, 
crims purlins, much depend upon the length of the line 
A B. 

“ The conftrudion of a fimilar inftrument, on the prin- 
ciples of Hadley’s quadrant, for naval obfuvations, would 
alio doubtlcfs be an acceptable objeft in navigation, by ena- 
bling the maiiner to ascertain the diftances of (hips, capes, 
and other objefta, at a fingle obfervation ; and tnat perhaps 
with greater accuracy than can be done by any method now 
in ufe. 

44 For this mrpofe, the following conftruftinn i3 pro- 
pofed. A BCD, (fig. n. )reprefents the inftrument in piano. 
O is the objttt whole diftance is required. At A, at C, 
at D, and at 3, are to be fixed fpeculums, properly framtd 
and fitted; that at 3 having only its lower part quick!]!- 
vered, the upper part being left tranfparent, to view the 
ohj «dt ; the fpeculum at A being fixed obliquely, fo that a 
line A i, drawn perpendicular to its furface, may bifect the 
angle B AC in equal parts ; that at C being perpendicular 
to the line C 2 ; thofc at E, and at 3, being perpendicular 
to the index E 3 ; and that at E being furmfhrd with a 
fight. The arch D C i 3 to be divided from D, and the 
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motion of the index is to be meafured as before by a 
nonius. And as the length of the line A E would tend to 
the pufe£lion of the inftrument, it may be conftrufted fo 
as to fold up in the middle, on the line C 2, into lefs.com- 

i )afs when not in ufe. The inftrument may be adjufted 
or ufe, by holding up a ItafF at a dillance, whofe length 
is cxaftly equal to the line A E. 

44 To make an obfervation by this inftrument, it being 
previoufly properly adjufted, the eye is to be applied at the 
fight in the ip'culum E, and the face turned towards the 
objeft ; when the obje£t being received on the fpeculum A, 
is reflected into that at C, and again into that at E, and 
that at 3 on the index ; the index being then moved till 
the reflated objeft, in the fpeculum at 3, exaftly coincides 
with the real objeft in the tranfpirent part of the glafs. 
Then the divifions on the arch D3, fubdivided by the nonius, 
will meafure the angle D E 3 ss A 0 E ; from which the 
diftance of 0 may be determined as before.” 

When a ftraight line of at leaft 10 or 20 feet, may be 
meafured at the ftation, where the obferver is fituated, and 
in the direction of a diltant objeft ; the fize and diftance of 
that obj 'ft may be determined by th* ufe of a moft fimple 
inftrument ; namely, a irkfeope furni/hed with a microme- 
ter, and thus trees and other object; tnav be mcaiuttd in a 
manner extremely commodious and fufficicntly accurate. 
The problems neceflary for this purpofe, as given by Mr. 
Cavallo in the Jcfcription of his u Telefcopical Mother-of- 
Pearl Micrometer,” will be found under the aiticle Micro- 
meter. 




DERBY, the county and principal town in Derby- 
ihire, England, occupies a flat trad of land on the banks 
of the river Derwent, the waters of which prove eminently 
Serviceable to the tnanufadurcs of this place. Derby was a 
place of repeated conflicts in the tally periods of Englilh 
hiftory. In the year 874, it was occupied by the forces of 
Halfden, a Danifh chief, whofc head quarters were then at 
Rependune, now Repton. In 918, the Danes were dill its 
matters ; but the fame year they were attacked by furprize, 
and completely routed by the heroic Ethtlfleda, daughter of 
king Alfred, and princefs of the Mercians. In a few years 
the Danes regained poffeffion ; but were again expelled in 
942 by king Edmund, and about the fame time dif- 
poffcffed of all the principal towns in the neighbouring 
counties of Lincoln, Staffed, Nottingham, and Lticefttr. 
That Derby about this period was a place of great import* 
ance, is evident from its being mentioned in Domefday- 
book as a royal borough of Edward the ConfeiTor, contain* 
ing fourteen mills for grinding corn, and 243 burgefles, forty- 
one of whom held twenty-four plough-.; ate# of taxed land. 
The annual rent then paid was 24A When William the 
Conqueror obtained the crown, he gave Derby, with a great 
rent-roll, to his illegitimate fon, William Peverell. It was 
afterwards granted by Henry I. to the earl of Chefter, 
and made a corporate town \ bnt its charter has been altered 
at various periods. It obtained additional privileges from 


Henry I. and II. Richard 1 . and John; in whole time 
the burgefles were indebted to the exchequer 56 marks, for 
the confirmation of their liberties. In the fame reign, they 
were likewife returned debtors in Gxty marks, and two pal- 
freys, for holding the town of Derby at the ufual fee-farm ; 
and 10/. increafe for all fervices, and having fuch a charter as 
the burgefles of Nottingham. A grant was obtained, from 
Ricliaid I., by which jews were prohibited from refidmg 
in the town. In the reign of Edward III. the corporation 
was deprived of its liberties, and fummoned into one of 
the king’s courts, to anfwcr “ By what authority they de- 
manded toll, yet paid none ? Why they claimed the exdu- 
live piivilegc of dyeing cloth, and prohibiting cloths to be 
dyed in every other place within ten leagues, except Notting- 
ham ? They were alfo to declare by what right they chofe 
a bailiff yearly; and why they kept a fair on Thurfday and 
Friday in Whitfuu-week, and another of feventeen days at 
the time of the feltival of St James : to explain by what 
authority they had a coroner; why the burgtiTea Ihould not 
be fued out of their own borough ; and wherefore they held 
weekly markets on Sunday, Monday, Wednefday, and 
Friday ?” Some mutilated chartera were produced in an- 
fwer to thefe requifitions ; but the liberties of the town were 
not rettored till the inhabitants had paid a fine of 40 marks, 
and confented to pay an increafe of rent. In the year 161 1, 
James I. granted a new charter, confirming the privilege* 
bellowed in former reigna, and inveflingthe corporation with 
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additional liberties*. By this charter the bailiffs, recorder, 
and town-cleik, or any three of them, were privileged to 
hold a court of record on every fecund Tuesday; to have 
the foie return of writ?, keep a quarterly ftfiion, twoxourts- 
leet, and fix annual fairs; to be toll-free throughout the 
kingdom; and receive toll from all, except the duchy of 
Lancafter, which was to pay only half the fum9 charged on 
the inhabitants of other places. In 163 8, it was deter- 
mined, that the authority of the two bailiffs (hould be veiled 
in one perfon, to be chofen annually, and to be called 
mayor. The then bailiffs, Henry Millor, and John Hope, 
were the firll that held that title. In 1680, the ancient char- 
ter was furrendcred to Charles II., and a new one (the pre- 
sent) obtained at. the expence of nearly 400/. The corpo- 
ration now co nfi (Is of a mayor, nine aldermen, fourtten bre- 
thren, (out of whom the aldermen are elected) fourteen com- 
mon-council men, a recorder, a high-ftevvard, and a town- 
clerk., The privilege of returning members to parliament 
is poffeffcd by the freemen and fworn burgeffes ; about 700 
in number. In the reign of queen Mary, a woman was 
burnt in this town for maintaining that the facrament was 
only a memorial or reprrfentation of the body and blood of 
Chrfft, and that the elements were merely bread and wine. 
In 1*592, the plague ravaged this town: and in 1663, when 
London was nearly depopulated by that dreadful calamity, 
it again broke out at Derby, and proved fo fatal, that the 
country people refufed to bring their commodities to the 
market place. The inhabitants, to prevent a famine, raifed 
a pile of Hones, which received the name of Hepdlrfs-Crofs, 
in an open fpace without the town. Here the market people 
placed their provifions, ar.d retired, till the buyer, who was 
not permitted to touch any article, till purchased, had con- 
cluded his bargain, and depofited his money in a veffel filled 
with vinegar. In the rebellion of 1745* Derby was diftin- 
guiihed as the fartheft place in England to which the pre- 
tender's army reached. Their coming being expelled, pro- 
per meafures had been taken for the fafety of the town ; and 
nearly 600 men raifed by fubfeription, befides 150 levied 
and maintained at the foie expence of the duke of De- 
von fh ire. 

The (ituation of Derby, on the banks of the Derwent, 
renders it, as before obfe,rved, extremely favourable for the in- 
ftitution, and procefs, of manufa&ures which require the 
aid of water ; and various works have been cftablifhed in the 
town, or its immediate vicinity. Their fuccefs, however, 
has been greatly promoted by the judicious application of 
machinery; and mills on themoft improvtd conitrudtion have 
been crc&ed for various purpofes. Thofc belonging to Meffrs. 
Strutts, for the manufa&ure of cotton, are particularly in- 
genious ; and the facility attained by them in working ftock- 
ings, figured wai ft coat-pieces, and many other articles, has 
eminently contributed to the extenlion of this branch of bu- 
finefs. One of thefe mills is remarkable for its floors being 
all conftru&ed on brick arches, and paved with brick, 
whereby it is rendered abfolutely indeftruftible by fire. This 
building is fix ftories high, 1 15 feet long, and 30 feet wide $ 
it was ere&ed in 1793, and was the fir ft fire proof mill ever 
built. 

Befides the cotton fa&ories, the manufa&ures tnoft cele- 
brated in Derby, are thofc of filk, porcelain, and orna- 
ments, 6cc. of Derbyfhire fpar and marble. The manufac- 
ture of filk is carried on to a great extent, and the number 
of men, women, and children employed in it is upwards of 
Jooo. The work is chiefly performed by means of machines, 
Of milts, of various fize, and different conftru&ion, The original 
mill, called the filk-mill, by way of pre-eminence, being the 
Jirft and largeft of its kind ever trc&cd in England, ftands on 
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an ifland on the river Derwent. Its hiftory is remarkable, as 
it exemplifies the power of genius, and the vaft influence 
which the enterprifes of an individual has on the com- 
merce of a country. 

Theextenfive fabric which contains the machinery, flar.ds 
upon huge piles of oak, doubly plunked, and covered with 
ilone-work, on which are turned thirteen ftone arches, that 
fuftain the walla. Its whole length is no feet, ita breadth 
39, and its height jj-J. It contains five ftories, belide the 
under works, and is lighted by 468 windows. In the three 
upper ftories, arc the Italian winding engines, which arc 
placed regularly acrofs the apartments, and furnilhed with 
many thoufand fwift9 and fpindles, and engines for working 
them. In the two lower rooms are the fpinnirg and twill 
mills, which are all of a circular foi m, and are turned by up- 
right Ihafts palling through their centres, and communicat- 
ing with fhafts from the water-wheel. Their diameter is 
between twelve and thiiteen feet, and their height nineteen 
feet eight inches. The fpimiing mills are eight in number, 
and give motion to upwards of 23,000 ictl bobbins, and 
neatly 3000 (tar-wheels belonging to the reels. Each of 
the four twill milk contains four rounds of fpindles, 389 of 
which are connected with each mill, a9 well as numerous 
reek, bobbins, ftar-whetk, &c. The whole of this ela- 
borate machine, for one only it is, though diftributed through 
five large apartments, is put in motion by a fingle water- 
wheel, twenty-three feet in diamtter, fituated on the weft 
fide of the building. The whole number of wheels 19 about 
14,000. All the operations are pci formed here, from wind- 
ing the raw filk, to organizing or preparing it for the 
weavers* The raw-filk is chiefly brought in fkains or hanks 
from China and Piedmont; that produced in the former 
country is perfectly white, but the produce of the latter is 
of a light yellow. The fkain is firll placed on an hexagon- 
al wheel, or /wifi, and the filaments which compofe it are 
regularly wound off upon a fmall cylindrical block of wood, 
or bobbin. To wind a fingle fkain is the work of five or fix 
days, though the machine is kept in motion ten hours daily ; 
fo aftonifhingly fine are the filaments of which it is formed. 
In this part of the procefs, many children are employed, 
whofe nimble fingers are kept in continual exercifc by tying 
the threads that break, and removing the burs and uneven 
part, fome of which are the cafes which the filk-worm 
fabricates for its own grave, or rather for its dormitory, 
while nature prepares it for a new mode of exiftcnce. The 
filk thus wound upon the bobbins, ia afterwards twilled by 
other parts of the machinery, and is then fent to the dotw - 
lers , who are chiefly women, ftationed in a detached build- 
ing, which ftands on the fame ifland, on piles like the filk- 
mill ; and though not half fo broad, is nearly thirty feet 
longer. Here four, feven, or ten of the threads are unit- 
ed into one, according to the ufes for which they are defign- 
ed ; the fine kind going to the flocking weaver ; the others 
to the manufa&urers of wai ft coat -pieces, &c. 

The manufa&ure of porcelain was originally eftablifhed at 
Derby about the year 1750, by the late ingenious Mr. Duef- 
buryj but the moft confiderable improvements have been 
effefled fince his deceafe, through the judicious methods 
employed in preparing the pafte, and increafing the beauty 
of the decorations. The ware itfelf is not of equal fine- 
nets with the French and Saxon ; though its workmanfhip 
and ornaments are far fuperior. The paintings are, in ge- 
neral, rich and well executed, and the gilding and burnifh- 
ing exceedingly beautiful. The body of the femi-vitreoua 
ware, called porcelain, is fine white clay, combined with 
different proportions of fluxing matter. The beft kind is 
abfolutely infufiblc, and takes for its glaze a vitreous fub* 
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fiance, without a particle of lead When the pafte is duly 
prepared, by grinding and other operations, it is configtied 
to the workman, whofe dexterity produces a variety of 
beautiful forms from the fhapdefs maf* delivered to him. 
Round vefleU arc ufuaily made by a man called a throwrr , 
who works them on a circular block, which moves horiz n- 
tally on a vertical fpindle. From him they pafs to the lathe, 
and are reduced to their proper thicknefs and form at the 
end of an horizontal fpindit. Afterwards they are fimfbed , 
and handled if neceffary by other perfons, and are then con- 
veyed to a ftove where they remain till the moifture is en- 
tirely evaporated, when they become fit for baking. Oval 
vcflels, fuch as tureens, tea-pots, & c. affume their form 
by being prejfcd into moulds of plaftcr, or gypfum, by 
hand. Th zjaggars, or cafes, in which the articles art burnt, 
are various in iize and dinunfious, Theft arc fet in the kiln 
or oven, one upon the other, and when piled up nearly to 
the top, have fome appearance of piles of chcele. When 
the kiln is full, it is carefully clofal, and the ware baked 
by the admiflion of heat through horizontal and vertical 
flues ; this is the firll baking, and the porcelain in this Hate 
is vulgarly called bifeuit. It is then dipped in glaze of 
about the confidence of cream, and carried to the glaze 
kiln, where it is again baked, but in a lefs degree of heat 
than before. The ware is now delivered to the paiuUrs, 
who, with colour prepared from mineral bodies, ornament it 
with landfcapes or figures, according to the required pat- 
terns. After this procefs, it is again conveyed to the kiln, 
and the colours vitrified, in order to fix and give them a 
proper degree of luftre. Every coat, or layer of colour, re- 
quires a frelh burning ; once or twice is fufficient for the orna- 
ments of the common porcelain, but the more elaborate de- 
corations render it neceffary for the colours to be laid on, 
and undergo the adion of tire feveral time3, before they ob- 
tain their full effeft. This completes the procefs of thofc 
articles that have no gold in their pattern ; but where this 
addition is wanted, they are pencilled with a mixture of oil 
and gold diffolved, or thrown down by quickfilver aided by 
heat, and once more committed to the kiln % here the gold 
reaffumes folidity, but comes out with a dull furface, which 
is quickly rendered brilliant by rubbing with blood -ftones, 
and other polifhing fubftanecs. The porcelaift il now ready 
for ufe, but the latter part of the procefs requires confidcr- 
able care, as the gold, when not fufficiently burnt, will fo- 
paratc in thin flakes, and when over-fired, will not receive a 
proper polifh. The h’gheft finiflied ware in this manufactory 
is frequently returned to the enamel kiln, where the colours 
are fluxed fix or fevtn times } the bed only are here finilhed 
for fale. The making of bifeuit figures, or white ware, is 
peculiar to this manufactory ; and the pieces are fuppofed ro 
be equal in beauty and delicacy to any of a fimifar kind 
made in Europe. Here the lathe is of no ufe, the figures 
being all caft in 'moulds of plafter or gypfum, into which 
the materials are poured, having previoufiy been reduced to 
a liquid of the confidence and appearance of thick cream. 
The water contained in the mixture is quickly abforbed by 
the plafier, and the pafte becomes fufflciently hard and te- 
nacious to part freely from the moul.k The various parts 
of the figures, as the head, arns, legs, &c. are caft in fepa- 
rate moulds, and when dried and repiircd* are joined by a 
pafte of the fame kind, but thinner than the former. r lhe 
articles are then fent to the kiln, and after undergoing a 
regular and continued heat, come out extremely wnite and 
delicate. 

The original filk-mill, crcded by Mr. Crochet, and now 
called the old fhop, was afterwards converted into a cotton 
fa&ory, but is at prefect in the occupation of Mcffrs. Brown 
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and fon, who employ it for cutting and polifliing marble, 
and manufacturing the D-'rbyfhire fluor fpar, or blue John, 
and gypfum, into a vantty of beautiful ornamtirs, as urns, 
vafts, columns, obelifk**, Sc c. The machinery applied to 
execute thele purpofes in of very ingenious cocftmdion ; 
and the lathes are fo contrived, by the afliitance of a re- 
verfe motion, that they can readily be mnde to revolve either 
flower or faftcr, as the ihfign or quanty of the fubftance 
under manufacture may require. They may likewife be 
flopped at pleafure, without impeding the motion of any 
other part uf the works. When the blue J. hn is to be 
made into a vafe, or any other ornamental form that renders 
the ufe of the lathe neceffary, it is carved with a mallet and 
chiffel, into a rude rcftmbhince of the objtd intended to 
be produced, and being afterwards (Irengly cemented to a 
plug or chock, is ferewtd upon the lathe. A flow motion 
is then given to the work, and a bar of fteil about two feet 
long, and half an inch fquare, properly tempered, and 
pointed at each end, is applied to the fluor, on which water 
is continually dropping to keep the tool cold, preferve it 
from fridion, and enable it more readily to reduce the lub- 
ftanee up'm which it ads. As the furface becomes fmoother, 
the tool is applied with more freedom, and the motion of 
the lathe accelerated, till the flirt has af filmed its deflined 
form. When the turning is completed, pieces of gtit-llonc* 
of d*fTerent degrees of fineuefs, are applied with water to 
bring the article to a proper ground for po 1 .’ filing with fine 
tnmry, tripoli, and putty, 01 calx of tin* Thefc means are 
continued ti'l the fluor is incapable of receiving a higher de- 
gree of polifh ; which i9 known when water thrown on it 
will no longer increafe its lull re. The advantage of the 
lathe fet m motion by water over thofe worked by the foot* 
is faul to be particularly confpicuous in forming hollow vafes, 
or articles ot equal ddicacy. By the life of the foot-lathe 
the fluor was frequently broken, and without extreme care, 
its laminated texture always difturbed ; but the greater 
Heading given to the machinery by the water-wheel, ope- 
rates as an effectual prefervation from thefe inconveniences. 
The great cafe with which a flow or quick motion can be 
produced by the ufe of the water lathe, is alfo an additional 
advantage, and tends confiderably to increafe the elegance 
of the ornaments. The fame wheel which gives motion to 
the lathes for manufacturing the fluor-fpar, See. is likewife 
applied to work the machinery for fawing and polifhing 
marble- On the vibrating poles to which the cranks are 
fixed are Aiding boxes, containing fets of faws, which are 
nothing more than thin plates of foft iron, that drop as they 
cut the marble. Thefe are fupplied with fand and water } 
and being moveable with fertws, may be arranged at diffe- 
rent diftances, fo that the flabs may be cut of any thicknefs. 
A ftt of faws confifts of a different number of p ates, fo 
that the block to which they are applied may be feparated 
at one procefs into as many flabs as may be thought necef- 
fary. The flabs thus fawn, are taken to the polifhing btd, 
which has four wheels that move on a gangway with a very 
flow motion given to it by a worm and a crank. One of 
the flabs being fixed on this bed, another is fattened above 
it to an arm attached to a vibrating pole, that works with a 
qu : ck motion in a tranfverfe direction. The flibs thus mov- 
ing in contaft with each other, and being fupplied with 
fand and water, foon acquire a level furface, when finer ma- 
terials are employed to increafe their fmoothnefs, and give 
them a higher polifh. 

Derby is divided into five parifhes, each of which has a 
church. The principal ornament of the town is All-Saints 
church : yet, rcfpedablc as it is, it difplays a remarkable 
iuilancc of architectural incongruity. The tower was 
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erc&td in the reign of Henry VI If., and its upper part is 
richly ornamented with tracery, crockets, high pinnacles, 
and battlements ; but the body is Grecian, and the interior 
is ( particularly light and fpacious. The roof is fupported by 
fire columns on each fide. The defign of the body of the 
church was executed by Gibbs, the ingenious architect of St. 
Martini in the Fields, London. The money for building it 
was chiefly procured through the indefatigable exertions of 
the then minifter, Dr. Michael Iiutchinfon, whofe zeal and 
fucccfs in this work are recorded on a tablet to his memory, 
placed againll the fouth wall within the church. On the 
fouth fide of the chancel is the monument room of the Ca- 
vendifhes ; and many of that illuftrious family are buried in the 
vault beneath. In this repofitory is a fplendid mural monu- 
ment to the memory of the celebrated countefs of Shrewfbury ; 
it was conftru&ed in her life-time, and under her infpedion. 
Among other monuments deferring of notice, is one to the 
memory of Wiiham, earl of Dcvonfliire, who died in 1628, 
an I Chriftian, his countefs. Another neat monument, by 
Nollekins, difplays the medallion and arms of William, earl 
of Befborough, who died in 1793 : and on a mural monu- 
ment, by Ryfbrach, to the memory of Caroline, countefs of 
Befborough, who died in 1760, is a well executed figure of 
that lady. Againft the wall, on the north fide of the church, 
is a curious memorial of Richard Crofhaw, who was the fon 
of a poor nailor in this town, and went to London in a lea- 
thern doublet to feek his fortune: poflefling induftry and 
perfeverance, his endeavours proved fucccfsful;* and having 
attained confiderable affluence, he bequeathed upwards of 
4000/. to the corporation of Derby, for the maintenance of 
lefturers, the relief of the poor, and other benevolent pur- 
pofea. He died in 1631. The other four churches of this 
town are refpc&ively dedicated to St. Alkmund, St. Peter, 
St. Werburgh, and St. Michael. The firft of thtfe is fup- 
pofed to have been founded at the beginning of the ninth 
century, in honour of Alkmund (fon of Alured, the depofed 
king of Northumberland) who was flain in battle while en- 
deavouring to reinftate his father. 

The principal public buildings in Derby are a county 
hall, a town hall, a county gaol, an elegant aflembly room, 
and a theatre. The couhty hall, which is a large but heavy 
building of free ftone, was finifhed in the year 1660* The 
town hall, built by the corporation in 1730, is a handfome 
ftrudurc. The county gaol was erected about 1 7^6, at the 
expcnce of the county, aided by a donation of 400/. from 
the duke of Devonfhire : it is fituated on the call fide of 
the town, near the upper end of Friar gate, and ia a very 
refpedable building, well adapted for the purpofe of its del- 
tination: the front is from an excellent defign, difplaying fo- 
lidity and ftrength, without that affedation of incongruous 
ornament fo frequently exhibited in modern buildings of fimi- 
lar character. The aflembly room is of (tone, and is fituated 
on the north-eaft fide of the market place; the foundation was 
laid in 1763; but the edifice was not completed till 1774. 
The theatre (lands in Bold lane, is built of brick, and was 
ereded in 1773. 

Derby is a very improving and populous place ; and though 
the buildings have been continually increafing for the laft 
twenty years, they are yet infufficient for the convenience of 
the inhabitants. Frefh ground is frequently broken up for 
new houfes, which are moftly let before they are completed : 
the number of houfes, as ascertained by the late ad, was 
3,144. that of the inhabitants 10,83a 1 but both are in- 
creafmg, and there is reafou to belie v-, will keep pace with 
the progreiflve improvements of the town, and the augmenta- 
tion of its trade. Various branches of bufinefs, befides the 
manufactures already mentioned, are carried on to a confider- 
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able extent, and fcveral new works of magnitude have lately 
been e(UWi(hed. On Nun’s green a bleaching- ground ha* 
been opened, in which the proceffcs are performed according 
to the improved methods introduced by the advancement of 
chemiftry ; to aid the operation, a fmall (leam-engine has 
been ere&ed. A mill for flitting and rolling iron for a va- 
riety ot purpofes; a large furnace for fmelting copper ore, 
with a machine for battering and rolling the copper into 
flieets ; a red lead manufadory ; a mill for making tinned- 
plates, &c. are alfo exifting in this town or its immediate 
vicinity. Among the modem improvements of Derby, may 
be included the lighting and paving of the ftreets, and the re- 
moving of thofe obftru&ions that prevented a free paflage. 
Thefe purpofes were effeded by an a d patted in 179a, 
which appointed commiflioners with full power to levy a 
fmall rate on the inhabitants, and likewife to fell all the com- 
mon land belonging to Nun’s green ; the fums thus pro- 
duced to be applied in defraying the neceflary charges. 
Since the above year, frvera! of the bridges that were built 
acrofs the Markeaton Brook have been removed, and three 
new ones, of (lone, ereded by fubfeription. An elegant 
bridge of three arches has likewife been built over the Der- 
went ; and, together with the fi Ik mill, the weirs, 3nd the 
broad expan fe of the river, forms a very phafing profped ou 
entering the town from the Nottingham road. 

Numerous bequefts for the relief of the poor have been 
made at different times by benevolent perfons. One of the 
moll confiderable charities is the Devonfhire alms-houfe, 
founded by the countefs of Shrewfbury in queen Elizabeth’s 
reign, for the fupport of eight men and four women : the 
old houfc was taken down about twenty years ago, and the' 
prefent ereded by the duke of Devonfhire. Science and 
literature meet with great encouragement at Derby : this 
may, in fome degree, be aferibed to the Philofophical So- 
ciety eftablifhed here about the year 1772, through the 
foftering patronage of the late Richard French, efq. and 
Dr. Darwin, the latter of whom for many years made this 
town his refidencc. Several book-focieties have alfo been 
inftituted ; and to the credit of the individuals compofing 
them, the works purchafed are chiefly of a fcicntific and 
philofophical tendency. 

Derby, previous to the difiolulion of religious houfes, con- 
tained a monaftery dedicated to St. Helen, founded by 
Robert de Ferrariis, fecond earl of Derby, about the mid- 
dle of the twelfth century; a fmall Benedidine nunnery, 
founded foon after the former by an abbot of Derby, and 
dedicated to St. Mary de Pratis; a priory of Dominicans, 
or Black Friars, founded towards the clofe of the thirteenth 
century ; and a cell of Cluniac monks, founded by Walth- 
cof, a Saxon nobleman, dedicated to St. James, and given 
early in the twelfth century to the abbey of Bermondfey, 
in Southwark. Here were alfo an hofpital dedicated to St. 
Leonard, and a maifon-dieu, both inftituted for the recep- 
tion of lepers. 

Derby is fituated 126 miles N.W. from London 5 it has 
a weekly market on Friday, and feven annual fairs. 

The celebrated aftronomer John Flamftcad, is confidered 
by fome authors as a native of this town ; an opinion which, 
though controverted, is favoured by the circumftance of his 
father redding here. 

The vicinity of Derby furnilhes a variety of agreeable 
walks, where the inhabitants may enjoy a falutary exercife, 
and a fucccflion of profpeds diftinguiflied by the fofter fea- 
tures that attend cultivation. On Wiudmill-hill, at a fhort 
dittance from the town, a neat profpcd-houfc has lately been 
ereded by — — Robinfon, efq. from which the views over 
the adjacent country arc very extenfive. Hutton’s Hiftory 



DERBY 

of Derby* 8vo. Pilkington’s Hiftoiy of Derbyfhirc, 2 vole. 
8vo. Beauties of England and Wales, vol. iv. 

Derby, a townfhip of America, in Orleans county, Ver- 
mont, on the N. line of the ftate, on the E. (bore of lake 
Memphremagog. — Alfo, a poll-town in New Haven conn* 
ty, Connect cut, on the point of land formed by the conflu- 
ence of Naugatuck and Houfatonick rivers. This town 
was fettled in 1665, and is now divided into two pariflits, 
and has an academy. It has a confiderable trade with the 
Weft Indies, and in its vicinity are mills on the fa.ls of Nau- 
gatuck, and iron as well as other works on Eight-mile river, 
that falls into the Houfatonick, which is navigable for 12 
miles to this town. It has 1878 inhabitants. 

Derby, or Darby, Upper and Lower , are fituated in 
Delaware county, P nnfylvania; the former containing 862, 
the latter 980 inhabitants j feven miles S.W. of Philadoi- 
ph ; a. 

Derby nech . See Bronchocfle. 

Derby Canal is the parliamentary name of a navigable 
canal in the county of Derby, which was completed in the 
year 1794, between the Trent river at Swarkftone*, and Little 
Eaton, with a rail* way extenfion thence to the collieries at 
Smithey < Houfcs, near Dtnby, and a branch from the fame 
to Hoifley ?nd Smalley Mills collieries. There is alfo a 
branch from the town 0} Derby to the Erewafti canal, near 
S-indyaere. See Canal. 

DERBYSHIRE is a county fituated nearly in the mid- 
d’e of England, at an <qual diftance from the eaftern and 
weftem feas. It is encompaffed by Yorklhire and Chelhire 
to the north, and Stafford (hire, Lticeilerftiire, and Notting- 
harclhire to the call, weft, and fouth. The area is luppofed 
to meafure about 5 ] miles from north to fouth, and 38 in an 
oppefite dircftioTi, and comprifes nearly 720,640 acres of 
land. Of thefe above 500,000 are cultivated arable and 
pafture, whilft the remainder confifts chiefly of bleak moun- 
tainous rtgions, and open commons. The whole county is 
divided into fix hundreds, and contains 11 market towns, 
and 136 panflics. Thefe comprehend 33,191 houfcs, and 
about 161,142 inhabitants. 

The northern and fouthern parts of this county exhibit a 
flriking difference and coi traft in geographical features : as 
the* former abounds with hill and vale, and the Utter prefents a 
flatfurface. The higher region isdenominated the High Peak, 
and the latter the wapentake, or Low Peak. Among the chief 
eminences in this diftricl are the mountains of Ax-edge, and 
Kindt r-fcont. The former is fituated mar Buxton, and was 
calculated by Mr. Whitehurlt to be about 2 ICO feet higher 
than the town of Derby, and 1000 feet above the vallty in 
which Buxtou-hall ftauds : the elevation of Kinder-fcont, 
though not precilVly afeertained, is fuppofed to be greater. 
The High P.ak is a region of bleak barren heights, and 
long txtended moors, intcrfptrfed with deep vallies, through 
which the fmall ft reams take their courfe. Here the fccnery 
is in m?ny parts romantic and fublime ; though, on the 
whole, interior in pidlurefque effefi. to that of other moun- 
tainous commits. Beauty, indeed, is only refident in the 
vallies j the high ground appearing dreary and deftitute of 
entertainment ; and in many fituations not a fmgle houfe or 
tree is to be feen, to divert the eye of the traveller, or relieve 
the wearinefs that arifes from the contemplation of ftenlity 
and nakednefs. The Low Peak abounds with eminences of 
various height and extent. Braflington-Moor, Alport, near 
Wiikfworth, and Crich-Cliff, are the moft eltvattd, and 
command very exteniive profpe£U : from Alport, on a clear 
day, the Wrckin in Shropfliire may be diftinguiflied. On 
the raft fide of the county there is alfo a high ridge of con- 
fidertble extent, beginning to the fouth of Hardwick, and 
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continuing in another direftion to the extremity of the 
county, where it enters York (hi re. The fouthern part tf 
Derby (hire* is in general pleafant and well cultivated, but 
prefents no particular variety of feenery. The mountainous 
part of this county is diftinguiflied from the reft, by the 
greater quantity of rain which falls in it. At Chatfworth, 
which is by no means the higheft trad, about 33 inches of 
rain have been found to fall annually at a medium. The 
High Peak is peculiarly liable to violent (forms, in which 
the rain deicends in torrents, fo as frequently to occafirxt 
great ravages in the lands; it is alfo fubjedt to very high 
winds. Thefe caufes, together with the elevation of the 
country, render it co’c, fo that vegetation is backward and 
unkindly. Some kinds of grain will not grow in the Peak, 
and others feldom npi*n till very late in the year. The at- 
molphere is, however, pure and healthful, and the higher fitu- 
ations are generally fr^e from epidemic difeafes, though 
agues and fevers fometimes prevail in the vallies. One dif* 
tafe is, however, endemic in thtfe parts, and even as far 
fouth as Derby ; this is the Bronehocele or Derby- neck : it 
is an enlargement of the glands of the throat ; and is a de- 
gree of the fame difeafe that is known in the Aips, and 
other mountainous tra&s. It is alfo prt valent in loir.e parts 
of Sumatra and the Eall Indies. 

The moll common foil of Derby (hire is a reddifh clay, or 
marl ; the fouthern dillri^l is in general compofcd of it, 
having little or no (lone near the furface : but fome parts of 
this tradt art inttrf’perfcd with fmal) beds of land or gravel ; 
and in modi fituations, land of a blackifh colour, ard loofc 
texture, is fometimes met with, continuing through an ex 
tent of Irom 50 to -00 acres. This k : nd of foil it; likewife 
tound throughout the iouthern and middle part of the ex* 
Unlive tradt of limeftone, which lies on the north-weft fide 
of the county. Its colouring principle is iron ; bui its qua- 
lity is very various in different fituations : in fome it contains 
much calcareous earth ; in others it does not efftrvefee with 
acids. The large trrcl on the eaftern fide of the county, 
which extends from Stanton, Dale, and Morley, to the 
borders of Yorkfhitc, and abounds with coal, is covered with 
a day of various colours, black, grey, brown, and yellow, 
but principally the laft ; and is in fome places mixed with a 
large proportion of fand. Similar foil is a’fo met with m 
the northern extremity of the county; and in fome paits 
where gritlfont is found ; but in the latter iituatior s, the land 
is more fn quently of a black colour, and bituminous quality. 
I11 the vallies, near the banks of the larger rivers, the foil is 
very different from that of the adjacent parts, and has been 
evidently aht red by the depolitions from the . inundations. 
Peat bogs txill in the north parts of the county, even on the 
higheft mountains ; and in fome of them, trtts have been 
found nearly perfect. Barley is much cultivated in many 
parts, but particularly in the parilhes of Grtfley and Repton, 
where the farmers are induced to grow it, by the confump- 
tion of malt in the neighbouring town of Burton, whofe fa- 
mous ale has acquired fuch extenflve celebrity# The whole 
produce has been calculated at about 5000 quarters annually. 
On the eaitern fide of the county the land is chit fly under 
tillage ; but the midland tra£s have a mixture of pafture and 
arable, according to (ituation : the moors in this diftrict are 
in a courfe of progrtffive improvement. In the High Peak the 
grounds arc chiefly appropriated to the grazing and breeding 
of cattle ; very little corn, befidcs black oats, being grown : 
on the more elevated partr, (herp of the (mailer homed 
kind arc fed: the mutton is excellent. Little attention has 
been paid to the cultivation of artificial graffes : but an un- 
common fpecies of culture, as a field crop, here pra&ifcd is 
that of chamomile : about 200 acres arc devoted to its 
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growth. A loamy foil is chofen for its cultivation, and, 
alter the ground is ut’D prepared by thorough cleanings, 
about the end of Mirch, the roots of an old p antation are 
taken up, and divritd into fin'jll Hips, which are planted in 
rows about eighteen inches ufundtr, and at about the fame 
di fiance in the rows. The plant3 are kept clean by fre- 
quent hoeing and weeding with the hand. In September 
the flowers are fit to gather: their perfedlion depends upon 
their being fully bJjwn, without their having flood fo long 
as to lofe their whitenefs ; the flowering continues till Hopped 
by the frofls. The gatherings are repeated a3 often as fuc- 
ctfll ;• s of flower* appear ; but this depends very much on 
the ieafot;,dry open weather furnifhing more fucceflions than 
wet or dull weather. When the flowers are gathered, they 
are carefully dried, cither in kilns very moderately heated, 
or on the flours of boarded rooms, heated by flow nres : the 
object is to keep the flowers white and whole, and this is 
belt cffe&ed by drying them as (lowly as pofilble. The 
produce varies from two hundred weight, or even lefs, to 
four, five, and in fome few inftances, fix hundred weight per 
acre. The price has alio varied from 2/. to 7/. per cwt. 
The plants ufually (land three years, of which the firft af- 
fords the fmalleft produce ; and the fecond the greatcll and 
belt. When the fame plants are continued beyond three 
years, the ground becomes foul, and the flowers weak. 
When dried, the flowers are packed in bags ; and afterwards 
fold to perfons in the neighbourhood, who tranfmit them to 
the druggifts in London. 

For the botanical chara&er and medicinal properties of 
chamomile, fee Anthemis. 

The inclofures of Dtrbyfhire are very numerous, and are 
annually extending. Within the laft twenty or twenty- 
five years, more than one-fourth of the county has been in- 
clofed, and the rent in many inftances nearly doubled. The 
fouthern part, and the wapentake, are almoft wholly in this 
ftatc ; but the grounds in the High Prak are chiefly open. 
The former d flri&s are tolerably well provided with timber, 
but in this refped the plantations of Kidieiton park are un- 
rivalled by any in the county. 

The manufa&ures which are carried on in Derbyfhire are 
various and exteniive. With Nottinghamflure and Leicefter- 
Ihire, it partakes in the manufa&nre of (lockings ; with 
Yorkfhirc, in that of iron, and of woollen-cloth ; and with 
Lancafhirt, in that of cotton. To thefe may be added the 
manufa&ures of filk and of Derbyfhire fpar, the latter of 
which may be confidered as peculiar to this county. The 
bufinefsof hoficry is chiefly confined to the parts that border 
on Nottinghainfhirc, and to Litton, near Tidefwell. The 
number of frames employed, including thofe on which filk 
and cotton (lockings are wrought, has been calculated at 
about 135°* Wool is moftly manuL&ured in the High 
Peak, adjacent to Yorkfhire. Cotton is manufadlured in 
different modes, and in various parts of the county; but 
the principal fa&ories are at Cromford, Belpar, and Derby : 
in the former the cotton is prepared by the machine invent- 
ed by the late fir Richard Arkwright; from fixteen to 
twenty machines, on the fame model, are alfo employed in 
other parts of the county. The filk and fpar manufactures 
are nearly confined to the town of Derby. 

Befides the fources of labour derived from the branches of 
commerce above enumerated, the mines of lead, iron* cala- 
mine, and coal, afford employment to many inhabitants of 
this county. The lead mines conftitute a confiderable part 
of the natural riches of Derbyfhire, and fome of them have 
probably been worked through a 1 >ng fucceffion of ages 1 
their produce was formerly of greater value than at prelent j 
aa the veins become poorer, the deeper the mines are exca- 
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vated. Camden imagined that Derbyfhire was alluded to 
by Pliny, where he fays, “ In Britain lead is found near the 
furface of the earth in fuch abundance, that a law is made 
to limit the quantity that (hall be gotten." However this 
may be, we have decifive evidence that the Romans had lead 
works in this county, as feveral pigs of lead have been 
found with Roman inferipttans. The firft of thefe was dif- 
covered on Cromford Moor, in the year 1777, on which the 
following fentenco was legible: imp. caes. hadriani* 
avg. mei. lvi. That the lead mines of Derbyfhire were 
known to the Saxons, is apparent from the mine near Caflle- 
ton, calltd Odin , from the name of one of their deities : the 
fame circumftance implies that it was opened previous to 
the introduction of Chrittianity into Britain. It appears 
alfo, that there were lead mines in the wapentake of 
Wirkfworth, in the year 835 ; for at that period Kene- 
wara, abbefs of Repton, granted her eftate at Wircefw^rth 
to Humbert the alderman, on condition that he annually 
gave lead of the value of 300 (hillings to archbifhop 
Ccolnoth, for the ufe of Chrift-Church , Canterbury. At the 
time of the Norman furvty, the bufinefs of the lead mines 
was undoubtedly carried on to a confiderable extent, a9 no 
lefs than feven mines in this county are mentioned in the 
Domefday book. 

Veins of lead ore are diftinguifhed on account of their va- 
rious pofitioris in the earth, by the different namesof pipe, rake, 
and flat works. Pipe-works lie between two rocks or ftrata, 
yet feldom follow any regular inclination, but fill up fifiures* 
the lines or branches running parallel to each other, and 
more or lefs horizontally. The veins are fornetimes twenty 
or thirty yards wide, and fornetimes not more than two 
inches : they mod commonly have toad-ftooe in the vicinity, 
either above or below. Rake, or perpendicular veins, are 
found in the clefts and chafms of the lime. (lone; and emife- 
quently, inflead of extending uniformly between the fame 
ftrata, they follow the dire&ions of the cavities, and fome- 
time3 penetrate 150 or 200 yaid9 into the earth. The flat- 
works bear a great refemblance to the pipe ; yet difagres in 
fome circumftances. The principal leader or (tern in the 
pipe is accompanied with many branches, but the flat has 
none; the latter fpreads wider, yet feldom extends more 
than J 00 yards. It is alfo found near the fur face, and iu 
the folid rock. The miners are divided in opinion whether 
the pipe or rake veins are molt prevalent. 

The greateft impediments to working the mines are foul 
air, and water. To relieve them from the fiill, a pipe or 
tube is generally introduced down the (haft, and extended 
along the roof of the gallery, to the place where the work is 
carried on. To remove the water many adits, or, as they 
are here termed, Coughs, have been driven from the bottom of 
fome neighbouring valley, and made to communicate with 
various works by different channels or galleries. The longest 
adit in Derbyfhire is at Youlgrave, running from the Der- 
went to Alport, and called the Hilcar tough. This coil 
upwards of 50,000/. It relieves a confiderable number of 
mines, and is nearly four miles in length. Another, and 
one of the mod confiderable at Wirkfworth, is called Crom- 
ford fough. This is full two milts in length, and was 
driven at an expence of 30,000 /. 

The annual produce of lead from the Derbyfhire mines 
cannot be exadly afeertained, but may be eftimated at an 
average of between 5000 and 6000 tors. The trade has been 
generally confidered to be on the decline, as the increafc of 
depth readers the mines more difficult to be worked, as well as 
more expenfive ; yet, from the improvements that have been 
made in the art of fraelting, and the more effe&ual mode 
employed to relieve the mines from water, by the driving of 
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Hew levels, a*d the ercflion of fome improved fire-engines, 
■advantage® have been f-btained, which, to a certain extent, 
counterbalance the augmented expences. 

Iron-ftone, or oxvd of iron, is found in this county in 
great abundance; it « ccurs throughout the whole diflria in 
which oal has been d«fcoverod, the Cbinlty hills excepted. 
The depth at which *t lies from the futfjee is various, but 
frequently, from the mat dipping of the flrata, it baljtn out 
to Jay, as they here term it. In this cafe a hole is made like 
the ftvft of a coal p.t, which is gradually culavged as it is 
carried deeper, till th* cavity aflumes the fhape of a bell. 
Thcfe are feldom funk lower than eighteen or twenty yards; 
when at that depth fr^fli ground is broken, and new open- 
ings made, of fimilar depth and fonn. Fiom thi* predict* 
the land receives greater injury by working iron mines, than 
thofe of coal, and it is, theiefore, not judged expedient to 
dig for iron ore, unlrfs the beds are very rich. Then ihn k« 
nets varies from two to twelve inches. The quantity, ol non 
annually produced in this county amounts to L. tween fif- 
teen and fix teen thoufaml tons. See Iron. 

The chief places at which calamine is obtained, are 
Callkton, Cromford, Bonfall, and Wnkfworth. It occurs 
at various depths, but i& g^nera’ly found near a vein ot 
lead ore : fometimes the two minerals are mixed, or run a 
confiderabte way by the fuL of ea< h other; but truie fre- 
quently, one ceafes where the oth< r begins, and a good vein 
of both is never found ,n the fame place. The quantity 
prepared annually in this county is about 500 ns. In 
the crude ltatf, its value is fiom three to four pounds a 
ton; but whn refined, it is fold at nine or ten pounds. 
By the vaiious precedes it undergoes before it becomes fale- 
able, it lofts about eight parts in twenty. See Calamine. 

Coal was obtained in Derby (hire fo early as the reign 
of Edward II., both in the hbmies of Norton and Ah 
freton. This is evinced by the grant made to the monks 
of Bcsuchief abbey by the lord of Alfreton, Thomas de 
Chaworth, who gave them licence to fupply themfclves ttith 
this fubflance in any quantity they thought proper, from 
either of the above places. It is found at different depths, 
and in fome fituations fcveral beds are perforated by one 
fhaft ; but the upper ones are of inferior quality, and feldom 
worked. Here, as in Cumberland, the vein of coal is fre- 
quently feparated, or broken, by fome intervening fubflance, 
mcftly clay ; and the coal on one fide is iometimea found 
lifted up or caft down ten or twenty yards from it* level, on 
the other. Betides the home confumption of coal, which 
is very great, large quantities ate annually ftnt to Sheffield; 
and by the different canals more is conveyed into Lcieeftcr- 
fhire, Nottinghamlhire, Lincolnfliire,and Northamptonfhire. 

Derby ftiire alfo abounds with metallic ores, h fli’s, and 
various mineral fubftauces ; but it woull exceed our limns 
to particularize all. Thofe who wifh for fucb information 
arc referred to Mawe’a Mineralogy of Derbythire, and the 
Beauties of England and Wales, vol. iii. 

The mineral and medicinal waters of Derbythire arc, as 
might be expeded in a country abounding with foflik, nu- 
merous. All thofe of a chalybeate and fulphureous nature 
arife in beds of fhale, and probably derive thcr impreg- 
nation from this fubflance; the warm fpriugs alfo are ohferved 
to appear near thefe beds, though they break out in the 
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ftralum of lime-ftone almoft exclufively. The molt cele- 
brated warm fprings aie thofe at Matlock and Buxton; 
they occur likewife at Stony Middleton; and Middleton, 
near Wirkfwortb, had formerly a fpring of tliis dclcription, 
which was cut off fome years fince by driving a fough to 
remove the water from fome lead mines in the viumty. 
Thofe of Matlock and Buxton have obtained much cdcbiity 
for their medicinal properties, and are annually vifited by 
a confiderablc afflux of company, who refort to them as well 
for pieafure as for health. The natural hiftory of the Mat- 
lock and Buxton waters occupied much of the attention of 
the late Dr. Darwin, whole death has deprived focicty of 
one of its moll valuable members, and Lienee of one of het 4 
mod diftinguifhed fons. His principal obfervations on this 
fuhj ^t wtre contained in a letter written to the Rev. Mr. 
Pilkingion, and publiflnd in the <l View of Derby (hire.” 
Among the arguments which have been adduced refpe&ing 
the origin of warm fpnngs, the dodtor favours the fol* 
lowing: i% That the water of thefe IpringB is raifed in 
vapour by iubterranenus fires deep in the eaith, and that 
this vapour is condcnfcd under the furfacc of the mountains 
ill the vicinity of fprings. M 

Amougll the fulphureous waters of Derby (h ire, that 
which is highril in repute lifts in the pat k of lord Scarf. 
d; le, at Kidkfton. In a gl.tfs it looks very dear and tranf- 
parent ; but in the well it appears of a hlackilh blue colour, 
tinged with purple, and any lubflancc thrown into it afTumca 
the fame appearance. It is principally valued for its anti- 
fcorbutic qualities. When taken inwardly it ads a s a diuretic, 
and has given relief to perfoni aflhtted w'ith the gravel. It 
has alio been found efficacious, from external application, 
in various cutaneous difeafes, but more tfpeciallyin ulctrous 
complaints. The temperature of the fpring 1$ about fort y - 
feven decrees. Several other fulphureous fpnngs rife in dif- 
ferent parts of the county, but have hitherto undergone 
very little examination. 

The chalybeate waters are numerous, but the mod ecle- 
brated fpring of this nature is at Qunrndon, about three 
nvles from Derby. Ptrfors of a weak and relaxed habit 
l.nve been much benefited by its ufe : when taken in fuffi- 
cient quantity, it generally operates as a eatbaitic ; ytt to 
produce this effeft, cxercifc is fometimes neerffary. Its tem- 
perature is nearly forty-nine and an half. Within 200 
yards of the warm fpring at Buxton, there is a chalybeate 
water of properties nearly fimilar to that at Quarndon. Other 
chalybeate waters are found at Morley, Chtllerficld, Tib- 
(belt, Duffield, and Bradley. 

In the liberty of Heage, about midway between Crich 
and Belpar, is a martial vitriolic fpring, the only one that 
has yet been found in this county. It is fituated in a 
black boggy foil, and was accidentally difeovered about 
thirty fix years ago, 

Tue principal rivers of this county are the Trent, the 
Derwent, the Dove, the Wye, the Errewalh, aod the 
Rother. 

Derby {hire is fituated in the dioccfe of Lichfield and 
Coventry, and fends four members to parliament, viz. two 
for the countv, and two for the county-town. PiUungton'a 
View of Derbyshire, 2 vols. 3 n>. Mawe's Mineralogy of 
Derby .Lire, 2 vols. 8vo. Beauties of England and Wales# 
vol. iii. 
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Dlmos, in the li'eaviag Manufactures. fignihes the pat- 
tern of any ornamented piece of cloth, when the ornamtnts 
arc woven in the loon along with th - fibric. A fpecies of 
pi* per is uf’- d to lay down thefe ornaments to a fcale, which 
is cahed d lign paper, and which ferv-s to diredl the weaver 
in his fublrquent operations. In every fpecies of orna- 
ment?! weaving, the whole defign is effe&ed by the leaves of 
clafp.'d twine, which move the various threads of that part 
of the yorn, which is ftretched in the loom, and which is 
called the warp. Thefe leaves are called heddles in Scot- 
land, braids in Lancafhire, and may probably be known 
by other names in different parts of the country. The 
paper upon which the defign is to be drawn, is ruled from 
top to bottom with a number of parallel lines, the intervals 
between which reprefent certain portions of warp. Thefe, 
being again eroded by other parallel lines at right angles, the 
latter reprefent that part of the yarn which is mferted by the 
Ihuttle, and which is called the woof or weft. The defign- 
paper, when ruled, has the appearance of a number of fmall 
fquares, and in thefe the defign is inferted with a black lead 
pencil, or with any kind of water colour, very frequently 
with vermilion, or red lake. Every interval upon the paper 
may be fuppofed to reprefent either one or more threads. 
Whtn it will not occupy too much fpace, and when the 
defign requires particular delicacy of fiiape, the molt accu- 
rate way is to make every interval reprefent only one thread. 
At other times it frequently reprefents two, and fometimes 
more. 

The five figures in Plate IV., Mifcel 1 any y reprefent the ufuat 
modes of drawing defigns for the fpecies of ornamented cloth 
molt commonly made in Great Britain. Different ways of 
effecting ornaments in the loom are pradtifed, according to 
the fabric of the cloth, and the purpofe to which it is to be 
applied. In the lighter manufactures of the filk, lawn, and 
muilm trades, now chirfly uftd as ornamental parts of female 
drefs, the fabric is generally fo flimfy, that, when ornamented 
m the loom, the figures, in order to have any (how, mull be 
compoftd of yarn, much coarfer than that which forms the 
ground or fabric of the cloth, and this yarn is fometimes 
dyed of different colours. Being molt convenient in gene- 
ral, and the patterns more eafily changed, the weft, or woof, 
is molt frequently ufed for this purpofe. Figures i and 2, 
are reprefentation 3 of this kind of work. In fig . 1, every 
fquare of the defign-paper is fuppofed to reprefent one 
thread both of warp and woof. 1 nfg* 2, it is fuppofed to 
reprefent two. For the application of thefe defigns to the 
purposes of mounting looms, fee the article Draught and 
Cording. 

In the heavier branches of the manufacture of cloth, or- 
naments are effected without any alteration in the finenefo of 
either warp or woof, and molt frequently without any 
change o f colour. The Jigs. 3 and 5, refer to thefe kinds 
of werk, and the (quires in each of thefe may be fuppofed 
to reprefent any number of threads from three to eight, 
according to the finenefs of the cloth, and labour bellowed 
in ornamenting it. Fig . 4, is alfo a kind of ornamented 
cloth of the dimity kind of a (tout fabric. Each fquare 
u jon the defign rsprefents one thread. For the application 
of thefe, fee the reipr&ive articles Diaper, Dimity, Dor- 
mock, and Draw- Loom, efpccially the 1 alt. 


When defigns are drawn upon paper, the diftance of the 
lines is generally fo much more than the diameters of the 
threads which they reprefent) that the figure upon the cloth 
will often be veiy different both in fize and appearance from 
the defign. To calculate this accurately is an important 
part of the bufinefs of a fkilful manufacturer. The rules* 
therefore, for this, with references to the plate, will be 
found in the rcfpeCtive articles to which they refer. 

Some general remarks upon the principle of defigning 
ornaments upon cloth, and upon the analogy which fubfifta 
between the figure of any flower or pattern, when drawn 
upon plain paper, when reduced to the defign-paper, and 
when woven into the cloth, may, however, be ufeful to thofe 
who poflefs an adequate knowledge of the art of manufac- 
turing plain cloth, but who arc not equally converfant with 
the various branches of ornamental weaving. 

When an oblique or curvilineal figure is drawn or 
painted, either upon canva6, paper, or any other fubftance, 
no impediment exirts to prevent the ariift from drawing 
every oblique ftraight line at whatever angle of obliquity he 
chufe8, nor from forming whatever cwrvts will add to the 
beauty of the picture. But, when an imitation of. this is 
to be transferred to defign-paper, and from thence to cloth, 
the fame facilities do not exift, and the utmoft which the 
molt fkilful weaver can cfFeCt is only the neared poflible 
approximation to the original from which he copies. Every 
perfou at all acquainted with weaving knows, that the 
threads of warp are ftretched in the loom, forming ftraight 
lines parallel to each other, and that thefe threads are inter- 
fered by the woof at right angles. No oblique pattern 
can, therefore, be formed in the loom, except by varying the 
point in the warp, where the interfedtion fhowing the pattern 
appears, and every change of this point muft be at lead 
equal to the diameter of one thread. Now, if we fuppofe 
that there are equal quantities of warp and woof in a web* 
and that a fhift of one thread of warp is made, to the right 
or left, every time that a thread of woof is palled acrofs, 
the diagonal line produced will form invariably an angle of 
43* both with warp and woof. The diagonal here, then, 
is produced by the refolution of two equal forces, afting at 
right angles to each other. But an obliquity, confined in- 
variably to an angle of 45*, would produce a very limited 
range of patterns indeed. Figs . 1 and 2, are fpecimens of 
fuch as may be effected by it. It becomes, therefore, 
neceflary, in more extenlive defigns, to vary the obliquity of 
the angles frequently, and this can only be done in two ways. 

lit. By (hitting the point of interle&ion over more than 
one thread of warp, which will render the angle formed by 
the diagonal line and warp greater, and that by the diagonal 
and the woof lefs than 45 0 , or 

2d; By inferring more than one thread of woof without 
(hifting the point of interfe&ion, the cfFed of which will be 
exactly the converfe of the former. 

It is to be obferved, that by the diagonal line is only 
meant the apparent line which is prefented to the eye ; for as 
the Ihifts are at light angles, each will form cither a fquare 
or parallelogram, the true diagonal of which is intended to 
be reprefented, and tbe means ufed are therefore only ap» 
proximations to this. 
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When the defign ( fig . 5.J it examined, as all the fquarea 
forming the flower are black, whilft thofe which reprefent 
the ground are vacant, every fhift, when minutely infpefled, 
is evidently at right angles, although the general effett* 
when viewed at fome diftancc, has the appearance of diago* 
nal or curved lines. But, were this pattern woven upon a 
fine cloth, the diameters of the threads would be fo much 
lefa than the meafurcs of the fquarea which reprefent them 
upon the paper, that the angular corners which give the 
edges of the flower the appearance of being dented, would 
totally difappear, unlefs very minutely infpe&ed, and the 
flower upon the cloth would be much fmaller than that 
upon the paper. 

The following table of the angles, formed between the 
diagonals of parallelograms, whofe Tides are in the fame 
ratio to each other as thofe upon the dtfign-paper, has been 
calculated to a'flid in reducing the drawing of defigns, as 
nearly as poffible, to correct imitations of the drawings or 
paintings from which they are taken. 

Table fhewing by infptdtion the angles of obliquity 
formed by colouring the fquares of defign paprr for 
weavtr-, both by the w<»rp and woof, from 1 to 9 fquarea 
each way; the line of woof being taken as the baft. 
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The angUs.may be continued down to i° and tip to 89°, 
«s follows : By the warp the number of fquares to be co- 
loured for one fquare of woof will be for 85°, 11 fquares ; 
for 86°, I4fqua.es; for 87®, 19 fquares; for 88°, 29 fquans ; 
and for 89°, 53 fquares. And reverfing the opctation 
for the fame numbeia the angles will refptftively be the 
complements of thofe quoted, viz. 1 1 fquares 5 0 ; 14 fquares 
4 0 ; 19 fquares 3 0 ; 29 fquares 2 0 ; and 3.3 fquares 1". 

To underliand this table it is ncctffary to tbferve, that 
the left hand column from top to bottom contains the num- 
ber of (quarts, coloured upon the dtfign-paper, and forming 
the edge of the flower by the warp, or contained between 
one or more fpaces from top to bottom of the paper. The 
.crofs columns at the top contain the fame by the woof, or 
acrofs the defign, and the figures, where the one column 
croffes the other, give the angle which the diagonal of a 
arailelogram, whole fides are in the ratios of the two num- 
ers tc each other, would form with the bafe or crofs lines. 
When the number of coloured fquares each way is equal, the 
angle is always 4^°, and in all others the angle formed by 
the crofs fquares is always the complement of the fame num- 
ber from top to bottom. The minutes have been thrown 
away, being unneccffary in practice, and the neardfc degree, 
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whether a little more or lele, taken. 

When a pattern is to be reduced from a common drawing 
to a defign for weaving, this table may be of confiderable 
life; for if a crofs line be drawn upon the original, the 
angles of obliquity may be taken with very confiderable 
accuracy by a line of cords, or any of the ulual mathema- 
tical precedes, and a reference to the table will fhew the 
number of fquares which, when coloured, will produce the 
efFeft mod nearly fimilar. Curve lines are formed merely 
by changiug the angles of obliquity, as frequently as necel- 
Xary. When it is defirable to make a fmooth uniform line, 
iitis always bed to fhift only one fquare at a time, and make 
the (hifts more frequent ; for when many are fhifted, the 
fquare corners will be always too apparent ; but where a 
rough edge is wanted, thefc may be reforted to. 

The calculation of the fize of the flower upon the cloth, 
compared with that upon the paper, is merely a cafe of 
firop'e proportion. In order to calculate correflly, the 
grtatcll number of fquares coloured from right to left, and 
from top to bottom, mud be counted, and the fize of the 
flower each way menfured ; for dtfign-paptr is ruled to 
many d’flerent fcaleP. The number of the reed, or, which 
u the fame thing, the number of warp-threads in a given 
breadth, is then to be afeertained, and alfo how many 
threads arc represented by each fquare. Tncft* points being 
fixed, the ratio of the one to the other will be readily 
fmnd. A iinple example, taken from the dan afk flower, 
(fig 3.) will iilurtrate this. 

Tiu tquares coloured from right to left, counting frem 
eith* r extremity, arc 107, and the meafure is 5 i inches. 

From top to bottom the fquares are 1 ij, and the meafure 

5* nearly. 

Let it be fuppofed that this pattern is to be wrought 
upon what is called a five leaf damafk, containing aqoo 
thread.? in the compafs of 37 inches. Every fquare will 
then reptefent five threads either way; and the threads con- 
tained in the warp of one flower will be 53 5. 

Thru as 2400 : 37 :: 533 : 8.2479, or nearly 8| inches. 
The ftawer, therefore, upon this kale, will be 35- inches 
broader upon the cloth than upon the paper, and the txceft 
of length will be found by a fimilar proportion. 

But were the fame flower to be wrought as a fpot, only 
two threads would be reprefented by each fquare, and the 
number of warp-threads would be 214 in each flower. Sup- 
pofc then the mufiin to be figured, to contain 3200 threads 
in 37 inches, the proportion would be 

As 3200 : 37 :: 214 ; 2.474, or nearly i\ inches. . In 
this cate the fame flower, on the cloth, would be lefs than 
ont-half of its breadth on the paper. The great difpropor- 
tion in the fize of the two flowers depends partly upon the 
difference in the number of threads reprefented by one 
fquare, and partly by the finenrfs or fet of the webs. In 
the firft, the ratio of decrement is direBly as 2 to 5; in the 
fecond, inverfely as 12 to 16. 

When looms are mounted to work fanciful patterns, if 
the tange is not too extenfive, heddles are ufefl, which are 
moved by levers or heddles attached to them below by 
cords, and which are preffid down by the weaver’s feet. 
When the range of pattern becomes too extenfive to render 
this mounting convenient, another apparatus is adopted, 
which will be found in the articles Diaper, Mouhtiwg, and 
the mod extenfive in that of Draw-loom. The more 
common mountings belong to the article Draught and 
Cording. 




Dipping 


DIPPING, in Calico-Printing , a procefs ufcd in dyeings 
blue, in which the cloth is immerfed or dipped either in a. 
Solution of indigo, or of feme fubltance capable of ading on 
indigo previoufly applied to the cloth. 

The peculiar nature of indigo unfits it for the purpofes of 


dyting by the ordinary operations of the art. It confiita, 
as we (hall have occafion to (hew more fully hereafter, of a 
peculiar vegetable bafis united to a portion of oxygen, to 
which it owes its colour and infolubility. When deprived 
of this oxygen, by fubftancts whole affinity for it arc greater, 
it becomes kiubU in the alkalies and alkaline earths, and in 
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thu Kite readily con trad) an union with animal or vegetable 
fluff.. On thia property of the alkalies to diflbtve deoav- 
penated indigo, are founded two proctffra for dipping or dye- 
ing blue, which form the fubjed of the prtfent article. 
Toe firft cotififts in immerfing the cloth in an alkaline folu- 
tion of indigo, a:vl it employed in dyeing thofe goods, the 
ground of which is intended for blue or green. The part# 
meant to remain white, or which have already received fome 
other colours, being covered with a rcferve or pafte, to pro- 
tc& them from the efFe&of the dye. 

This proccfsis very ancient. 

The fecond is employed in dyeing thofe goods intended 
to exhibit a detign or pattern in one or more (hades of blue, 
upon a white ground, and is called ” China blue,” or gene- 
rally upon the continent, En^lifh blue, the procefs having 
originated with the calico-printers of this country. 

From time immemorial the nations of the edit appear to 
have poiTefll'd a mode of dyeing filk handkerchiefs, and 
other articles of dr.fs, by a rude but iimple proeck, which is 
praftifed at this day, and has been adopted, and continues 
in ufc, in almoll every part of Europe. It confifts in tying 
knots with great addrefs and nicety on the lilk in fucli a 
manner, that when dyed, the parts enclofed within the knot 
remain untouched, difplaying a ground of red, blue, or any 
other colour, varioufly, and oftentimes not inelegantly diver- 
lifted with flowers of white or yellow, according to the pri- 
mitive colour of the filk. This mode of dyeing harid ker- 
chiefs was introduced by the Saracens into Spain, where it is 
now pradliftd to a very confid^rable extent. This, in all 
probability, was the firft rude effiy or attempt to imitate the 
printed linens of Egypt, and was fucceedcd by the mode now 
pra&ifed in India, of covering with a compofition of wax 
and other ingre bents, the parts intended to remain white. 
Hence we may date the origin of blue dipping* and though 
the proccfs, as may be fuppofed, has been confiderably im- 
proved fince its introdu&iori iuto Europe, yet the ancient 
praftice ftill in ufc; and wax printing is often employed 
with confiderable advantage in the produ&ion of particular 
combinations of dark and light blue, which could not readily 
be obtained by any other procefs. 

Of the Indigo Fat , and the Procefs of common Itui Dipping . 

The folution of indigo for blue dipping, is made in large 
obloug veffcls of wood, (tone, or other matcrhla, to which 
the name of vats is given. Thofe which are made of wood 
require to be very accurately joined, and well fecured with 
bolts and ftraps of iron ; other wife great lofs may arife from 
the conftant leakage, to which, without great precaution, 
they are fubjeft. In general th^y are lined with lead, and 
though the cxpence in the firft inftance is four times that of 
wood, they are eventually much cheaper. They need fewer 
repairs, and afford abfolute fecurity againft all lols by leak- 
age, which, in a drug fo coftly as indigo, is a confidcration 
of great importance. Stone vats have been tried in fame 
places. At Rouen, according to B-rthollet, they are con- 
llruded of a kind of flint-ftonc, well fecured b^lh outfide 
and infide with a fine cement: and Pileur d’Appligny mention! 
fome he had feen compofed of Urge (lone flabs ferewed to- 
gether at the corners, and the joints of which were covered 
with a kind of maftic varntfh. Economy is the chief aim 
in all thefe various conftruftions, as it matters little what the 
vat is compiled of, p-ovided it will hold the dye j and thofe, 
in faft, ire the cheapeft, whatever they have coft, that fuffer 
the leaft to efcapc. # 

The fine of the vat varies conflderably in different dye» 
boufes, according to the nature and extent of the eftablifh* 
aaent, and the kind of work they are intended for. Four 
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feet wide, fix feet long, and fix or feven feet deep, are the 
dimenlions of a well proportioned vat, calculated for two 
pieces of calico, or 56 yards of cloth on a frame. Much 
f nailer than the fixe here given are in ufe for frames of Angle 
pieces, and vats of ftill larger dimenfions are employed by 
lome, whole work and cloth require tUsm one or two feet 
deeper. 

The vats are all funk *n the earth, down to a level, or near- 
ly fo, with the fl or of the dye-houfe. In fome few old ells- 
blifliments, they (land two feet, or thereabouts, above the 
floor, as is univerfally the cafe on the continent. In this 
cafe, the frames arc hoi lied in and out by a pulley fufpeuded 
over the vat, a mod awkward and inconvenient praftice, 
which is avoided by finking them to the level of the floor. 
The frames are lifted out with eafeby the hand, by two men 
or boys, one at each end, and in a range of fix or eight vats r 
the frames are hoified out and re-entered in half the time, 
and with half the trouble, r< quired to manage the puilies. 

The number of vats neefiary in a well arren^ed dyt-hcufe 
mult depend greatly on the nature and fixe of the cftablilh- 
ment. ’Eight of the fize already given, ranged in one line 
fide by fide, form a good ferica : douhlt or treble that number 
may be required, hut with fewer, a dver, whofe quantity of 
work is limited, yet various, will find much inconvenience, 
efpecially when by long working thr dregs or grounds have 
fo accumulated as to require a tepofe of 24 hours at leaft, 
after raking up before the vats are fit for work again. It 
is on this account that deep vats are preferable to (hallow 
ones; the mud fubfidea in them much fooner, aud they re- 
quire cleaning out and emptying Ida frequently. 

The nxture of the indigo vat is fuph, that the indigo is 
revived and precipitated from it whenever it comes in con- 
tain with the air. On this account, it is impoflible to dye 
a piece evenly by winching or working it in the dye liquor, 
as in other colours. Thofe parts of the piece which had 
been moll expofed, and on which, of courfe, mod indigo 
had been precipitated, would exhibit deeper (hades than 
thofe which had been left*. The referve, or pafte, alfo, 
for white, when fuch had been applied, would be difturbed 
and wafhed off hy the ufual manipulations of dyeing. 

On thefe accounts it is neccflary to hook the pieces on 1 
frame in fuch a manner, that when immerfed in the vat, or 
taken out, the folds fhall not touch each other. The frames 
are of wood, the length and width nearly of the vat, and of 
a depth fufHcicnt for the width of the goods. The horizon- 
tal fide-r ails at the bottom are fixed, and form the bafe of 
the frame, and are furi.ifhcd with fmall tenter hooks of cop* 
per an inch and a half, or two inches afunder, to which the 
edge or fdvedge of the piece is attached. The upper rails, 
which are alfo furni/hed with hooks, Aide in a groove cut 
in the upright or corner polls, and may be adjufted lo the 
width of any kind of cloth, and are retained in their place by 
a peg or pin. The piece is hooked in folds from fide to 
fide, and fo evenly and tightly ftrctched, that when im« 
roerfed in the vat every part is equally and alike expofed to 
the dye, and no one fold can touch another. The number 
of dips is regulated by the (hade of blue required, and when 
finiftied, the goods are taken off the hooks and fubje&ed to 
the ordinary operations of wafhing, rinfing, See. See. The 
folutioo of indigo, which, as well as the veflel that contains 
it, is generally called ” blue vat” by the dyers, is made 
with lime and copperas, and in fome cafes with the addition 
of a fmali quantity of potafh. In the due proportion of 
all the ingredients of this folution, and in the treatment of 
the val, both during, and after working, confift the chief art 
of “ blue dipping,” in the management of which/ however* 
there islefs difficulty than in any other branch of blue dyeing 
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whattve*. The theory is fo Gmple, and the pra&icc, to and the bed information concerning the proceflcs of the 
thofe acquainted with the theory, fo very obvious, that dyeis and calko-priutcrs of Fiance. 

with common care and obfrrvation it is fcarcely poflible to The indigo is previoufly ground in a mill with water, ti»I 
tr . it is reduced to a fmooth patte* of the confidence of cr<.am. 


Indigo, as we have juft before obfervrd, is infolubte in 
the a k dies and alkaline earthy tiil deprived of its oxygen. 
Copperas is employed for this putpofe in the vats we are 
fpcakirg of, and orpiment in others, and in the pencil blue ; 
both thtfe fubftances having a ftrongtr affinity for oxygen 
than the bafe of the indigo. On adding together, there- 
fore, indigo, copperas, and lime, in fuitable proportion , the 
lime in the fird indance decompofes the copperas, and preci- 
pitates from it the oxyd of iron : this af^s on the indigo, de- 
oxygenates it, and renders it foluble in the lime, whicn, if in 
fufficient quantity, immediately diflblvcs it. The oxyd of 
iron, which has Lrved to deprive the indigo of its oxygen, 
the fulphate of lime formed by the union of the lime with 
the acid of the copperas, and any lime in excels or more than 
nectflary to effid the decompofuion of the copperas, and 
the foluticn of the deoxygenated indigo, all precipitate to 
the bottom of the v«.t, and there remains in f jiution oi ly 
lime and the bafe of indigo. There are ftw dyers and cali- 
co-printers who do not imagine that the folution of indigo 
confifts of all the fubftancts that have been ufed in its fomia- 
tion, and that the vat a&ually hold* in folution indigo, cop- 
peras, and lime. They are not aware that folutions of thefe 
two latter fubftances are incompatible; they ^cannot exift 
together, one or other muft predominate, as a very fim- 
plc experiment will fhew : Mix clear lime water, and 
copperas water together, and an inftant precipitation 
will take place. As long as any copperas remains in 
folution, every fucceffive add.tion of lime water will caufe a 
f re fit precipitate, which confifts of oxyd of iron, and ful- 
phate cf lime, formed by the union of the lime with the 
acid of the copperas. None of the lime remains in folution. 
The precipitation cectfes only when the whole of the copperas 
is decompoftd, that is, when there is no longer any acid to 
form an infoluble fait with the lime. The folution will 
then be found to confift of lime water only. To thofe in 
the leaft acquainted with the principles of chemiftry, thefe 
obkrvatious may appear minute and trifling, but to thofe ig- 
norant of thtfe fimple fads (and the majority of thofe inte- 
refttd in the fubjtd of the prefent article are ignorant of 
them,) the conflitution of the blue vat muft be wholly un- 
known, and its management, of courfc, expofed to all thofe 
chances of failure and derangement which muft ntceffarily 
attend even long experience, when unaccompanied with clear 
and accurate ideas of the nature and properties of the differ- 
ent fubftances employed. 

The proportions of indigo, copperas, and lime, neccffary to 
form a blue vat, dep? nd both on the quality of the indigo, 
and on the ftrength of the folution required. The quality 
of indigo varies greatly, fome kinds, as the fine Spanifh and 
Eaft India, containing twice, and even thrice, as much co- 
louring matter as the coarfer kinds. In general from two to 
live pounds of good indigo to every hundred gallons of wa- 
ter, arc fufficient to form vats for mod purpofrs. They are 
foroetimes, but rarely, required ftrongcr ; 40 pounds in a 
vat holding 800 gallons, will produce a folution of fufficient 
intenfity to give a black nearly, at four or five immer- 
lions. 

The finer the quality of the indigo, and the greater the 
proportion of copperas and lime, necefTary to eneft its fo- 
fution. In general, however, one of indigo, two of cop- 
peras, and two of iiqic, arc confidcred as the beft proportions, 
and as foch they are given by Bertholict, who, to profound 
ehemical fcicncc, unites confiderable p radical knowledge, 


In its ordinary date of aggregation, it is fcarcely, it at all, 
attacked by copperas and lnne ; all therefore that has «. leaped 
the a&'on of the mill, and is put into the vat in 0 lumpy or 
imperfc&ly grourd date, may be confidertd as tctaHy loft. 
Every precaution therefoie (hould be employed to guard 
again ft this, and when by rubb tig it between the fingers, or 
on a pane of glafs, it appeals fine and fmooth, and iite from 
fmall hard, gritty particles, it may be removed from the 
mill, mixed up with four or five times its bulk of water, 
and poured through a fine fi ve into the vat. Any lumps 
which may li3ve efcaped grinding aie thus retained, and 
mav be returned into the mill with frefli indigo. 

The vat having rectived its charge of indigo, and bern 
Riled up with clean water, the copperas is next added. It 
is beft and molt fpetdily difibived by fufpei.ding it in a 
wicker bafket at the furface of the vat ; it is lometimea 
thrown in, and will, in that cafe, when it is in large lumps, 
oftentimes lie undiffolved at the bottom of the vat for weeks, 
in fp'te of frequent and even daily ftirrirg. When the whole 
is diffolved, the lime is added, and the vat well raked up, 
till all its contents arc intimately mixed, the lime diflblved, 
and the copperas decompofed. The action of oxyd of iron 
upon indigo requires time, and alfo rtpofe ; after Lie firft 
raking, which fhould be continued during half an hour 
at leaft, it is beft to fufTcr the v*t to remain two or three 
hours undifturbtd ; the indigo and oxyd of iron fa.l down* 
to the bottom, and are thus brought more within the fphere 
of chemical a&ion, than when floating in the whole mats of 
water in the vat. 

The choice of copperas is not a matter of indifference, as 
on its peculiar Gate depends its fitnefsor not for deoxy menac- 
ing indigo. Sulphate.of iron exift s in two ftates dependent 
on the quantity of oxygen combined with its oxyd. At its 
minimum of oxydation, it forms a green folution, and when 
cryftalliztd, a green fait, the green vitriol, or copperas of 
commerce ; at its maximum, or It con d ftate of oxydation, it 
forms an orange-coloured, uncryftalli/.ablc folution pufkffi ig 
very different properties from the foitmr. 

The green folution is diftinguifhed by its great avidity 
for oxygen, and its difpofition to pafs to the orange, or fully 
oxygenated ftate. It is thi 6 affinity for oxygen that fits tt 
for the folution of indigo. The copperas of commerce is 
however not unfrcquently a mixture of the two falts or oxyda 
a portion of it either having acquired oxygen, whilit 
in a ftate of folution before cryftallization, or more frequently 
perhaps by too great expofure to the air afterwards. 

In this latter cafe its furface is covered with a reddifh 
orange ruft, and a portion of the fait is rendered ufelefs for 
the blue vat having already acquired its maximum of oxygen. 
The chief difference in the quality of copperas, is how- 
ever in the more or lefs perfett faturation of the acid, form- 
ing two diftind falts, which were known and diftinguifhed 
by manufadurers long before chemiits were acquainted with 
their cxiftence. The firft, and leaft efteemed, is a pale eme. 
raid green, and contains a great excels of acid ; the other 
which is more fully faturated with iron, is a deep full green 
and is universally preferred, efpeciaUy for indigo and Chins 
blue vats. Some calico-printers imagine that the reddift 
coloured copperas is the beft, or, as they fay, xhtjlrongeji* 1 
prejudice which the msnufadurer very eaftly accommodates 
by fprinkling a little fine lifted quick lime over the furface 
which foon covers it with a coat of orange ruft. 

The lime iifod for the indigo vat ffioold be quick. Falks 
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fim<i when not too old, and too long expo fed to the air, is 
the beft. It (hould be wed lifted, and freed from ftones and 
lumps* 

After two or three hours irpofe, the vat (hould be again 
well raked. It will now exhibit figns of incipient folution j 
inftead of black, it will appear of a dark bottle green, and 
the furface will. break into marbled veins of blue. Thefc 
appearances will incrcafe each time the vat is raked, which 
(hould be three or four times a day during two days. At 
each time the colour of the vat will brighten, and get paler, 
the marbled or veined appearance become more marked and 
ftrong, and when the lolution is compleat, and ready for 
working, the colour, when raked up, will be a yellowifh 

? reen. After a repofe of ten or twelve hours, to allow the 
regs time to fubfide, the vat is ready for work. 

It is the practice of fome dyers to add potafh in equal 
quantity with indigo to the vat. The only advantage anting 
from this, is greater concentration of the folution than can 
be obtained by lime alone ; but this is feldom required, and 
never, indeed, for the purpofe* of calico-printing ; on the 
other hand, if potafh be added to a vat containing little in- 
digo, and calculated only for the paler (hades of blue, the 
colour it will produce is left intenfe, than when lime alone is 
ufed, and the nue not at all improved. 

It was formerly the pra&ice to grind the indigo with a 
folution of cau (lie potafh, and boil it in a ftrong lye, before 
adding lime and copperas, and pouring it into the vat. A 
great deal of trouble, and no advantage whatever attends 
this procefs, which is now univerfally discarded, except by 
thofe who regard all improvements as innovations. 

Of the management of the vats both during work and 
after, we (hall have occafion to fpcak whilft treating of par- 
ticular kinds of work ; which, after the preceding general 
view of the nature of the proceffes, and the mode of pre* 
paring the indigo vats, we (hall now proceed to. 

Of dark Blue ground , and white. 

Dark blue grounds, with fpots or figures of white, were 
amongft the firft attempts at calico-printing in the Eaft, and 
were produced, as we have before remarked, ftrft, by tying 
knots on the part intended to remain white, abd afterwards 
by covering them with a compofition of wax* This procefs 
was fobje& to great inconveniencies, arifing from the unma- 
nageable nature of the compofition, which required keeping 
fluid by heat during the time it was applied, and could only 
be ufed in certain plain figures, fuch as round fpots, ovals, 
&c. The defigns were of courfe rude and fimilar, little va- 
riety being pra&icable where lines, ftalks, leaves, or any 
objedt more figured than a fpot or oval, could not be ob- 
tained. 

At what time the pafte or referve now in general ufe was 
introduced, is not known $ we are indebted for it to the con- 
tinent, from whence, indeed, our firft| knowledge of calico- 
printing was derived. Though the formula for this pafte 
differ much, every blue dyer almoft, preparing it in a mode 
peculiar to himfelf, yet they are all effentially the fame, a 
lolution of copper of one kind or another being the principal 
ingredient. 

If a folution of fulphate, acetate, nitrate, or indeed any 
foluble fait of copper, properly thickened for printing, be 
applied to cloth, and when dry, immerfed in the blue vat, the 
part fo covered will refill the adtion of the dye, and remain 
white. This does not arife from the mere mechanical re- 
fiftance of the pafte, which prevents the folution of indigo 
from entering tne fibres of the cloth, but from the chemical 
naion of the oxyd of copper, which imparting oxygen to 
the indigoi reftores it to its former blue date, , m which it 
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poffeffes heither folubih’ty in lime, nor di/pofition to unite 
with the cloth. This effeft of the oxyd of copper may 
be rendered very apparent, by pouring a folution of it into 
a folution of indigo, which is generally of a yellow i(h green, 
or when viewed by tranfmittea light, of the colour of fmall 
beer. The inftant the two dilutions are mixed, the indigo 
is revived, and precipitated in its original blue ftate, having 
acquired from the copper that principle of which it had been 
deprived by the folution of fulphate of iron. Every pafte, 
or referve, therefore, for dark blue grounds, muft necefiarily 
contain oxyd of copper ; we give the following formula as 
moft approved of any in ufe. 

I. To i gallon of water add, 

4 lbs. of fulphate of copper, 

12 lbs. of pipe clay. 

Boil the whole up into a thick pafte, drain through a doth, 
and add to it half a pint of fulphuric acid, and five pints 
of thick gum water. Mix all well together, and Aram 
again before printing. 

II. To i gallon of vinegar add, 

tbs. of verdigreafe, 

3 lbs. of fulphate of copper. 

Diffolve them over the fire, and thicken with la lbs. of pipe 
clay, finely ground. 

If the pafte is not fine and fmooth, run it through the 
mill, and add to it, whilft hot, 8 ozs. of linfeed oil, and two 
quarts of thick gum water. Strain it carefully through a 
cloth before printing. 

III. To i gallon of water add, 
a lbs. of verdigreafe, 

3 lbs. of fulphate of copper, 

3 lbs. of nitrous acid, 

15 lbs. of pipe clay. 

Boil them well in a copper pan, and, if neccffary, grind 
them fmooth, and add three quarts of thick gum water. 
Strain the whole very well before printing. 

The firft of thefc formula contains fulphate of copper 
only, the folubility of which is increafed by the addition of 
a little fulphuric acid, which prevents the cryftallization of 
the pafte. The fccond, which is ftronger, contains alfo 
acetate of copper, and the third, in addition to both thefe 
falts, contains a portion of nitrate of copper formed by the 
a&ion of the nitrous acid on the verdigreafe. This is a 
very powerful pafte, and capable of refitting the vat a long, 
time, and forming a white upon a ground nearly black. 

The pipe clay ufed in thickening, is not merely ufeful m 
giving due confidence and body to the pafte, fo as to ren- 
der it cafily workable, but is very efficacious in refitting the 
dye 5 the fame folution, thickened with gups only, will 
fcarcely bear three immerfions, but with tne allowance of 
pipe clay here dire&ed, will ftand ten or twelve. No more 
gum, indeed, (hould be added than is juft fufficicnt to break 
the ad helm nature of the pipe clay, and prevent it clogging 
up the print or block. , 

In working this pafte the mall, or mallet, mould be uted 
very lightly, or not at all, if the pattern will admit of it* 

A gentle tap with the hand, fo as to leave the pafte wholly on 
the furface of the cloth, will produce the beft work, . _ 

The cloth may be dipped an hour or two after printing, 
if required, but the white, are feldom fo good as when kept 
three or four days. The pafte get* hard and firm, part of 
the acid evaporates, and the folution of copper become* 
more intimately incorporated with the doth. 

Dark blues, in general, require from five to ten dips, or 
imtderGoni, according to the flude of blue required, or the 
ftreogth of the vats employed. . 

If the vits arc ftrong, five, or atmoft ft* -dips, will gi*e » 
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* ery dark blue, atmoft black, tbe intenfity of which will be 
little inertafed by further dipping \ the labour is greatly 
'abridged by employing ftrong vats, but the whites are liable 
to great injury, as the folution of indigo, when concentrated, 
a£ls very powerfully on the palie. On this account the firlt 
vat toould invariably be the weakeft of the feries, and 
never (Ironger than is fufficient to produce a full ftrong blue 
at feven, or even eight immerfions. The fecond and third 
vats may be ftronger, and fo on to the iaft, which may be 
the ftrongeft of all. Dark blues may be dipped and fimftied 
in the fame vat, but it is more convenient to pafs them in 
iucctflion through a feries difpofed in a line in the manner we 
have before deferibed. 

When the piece is well hooked, and the frame ready, the 
vat muft be well (kimmed before the piece is entered. The 
furface of a blue vat is always covered with a film of revi- 
ved indigo, more or lefs thick:, according to the llrength of 
the vat. This film it is neceflary to remove before the frame 
is immerfed, otherwife the revived indigo, which is no longer 
in folution, attaches itftl 1 , and adheres to the cloth in 
patches, producing unevennefs in the dye, efpecially in the 
iirft vat. When fleimmed, the furface of the vat is dark 
green, but the blue film reappears in a few minutes; it 
mould not be removed, therefore, till the frame is ready for 
immerfion. 

In five or fix minutes the cloth has fully imbibed the dye, 
and little advantage is gained in general by keeping it longer 
in the vat. The frame is then lifted out, and placed flant- 
wife in fuch a manner, that ail the liquor which drains from 
the piece falls down into the vat again. When taken out, 
the cloth appears of a pale yellowito green, if the vat is 
weak, but it ftrong, more inclining to amber. This colour 
gradually changes, as the ind’go, by abforbing oxygen from 
the atmofpherc, becomes revived, and in five minutes the 
cloth appears uniformly blue ; it is then ready for another 
immerfion. Six minutes in, and fix minutes out , is a good 
general rule for dipping dark blues, as the cloth will in that 
time have acquired the full effect of the vat, and the green 
will alfo go off in little more than five minutes, though the 
vat be very itrong. The bottom edge of the piece retains 
the green hue the longcft, becaufe it is longcft in draining 
from the liquor ; care muft be taken, therefore, never to ira- 
merfe a piece till the bottom edge has been examined, and 
found pcrfe&'y ready for the dip. The confequence of en- 
tering a piece into the vat whillt the bottom edge is green, 
is, as might be fuppofed, that the edge will be the paleft, the 
indigo not having been revived and precipitated upon it equally 
with the reft of the piece. 

In dipping dark blues, the firft dip is the moft important ; 
and if it fails, the work is inevitably ruined. Firft, if the 
vat be too ftrong, the whites will never be clear and (harp ; 
fecondly, if for want of due preparation the cloth does not 
uniformly receive the dye, the goods will fcarctly ever be 
even when fiuitoed. Thirdly, if either from the pafte being 
too ftrong, or the vat too weak, or not in proper order, the 
imprtffion ftarts, or runs at the firft immerfion, the ground 
10 lure to be freckled and uneven, and the whites bad. 

Againit the fiift fource of error, the knowledge of the 
fa& ought to be a fufficient guard ; but if unavoidably it 
ftiould happen that the leading vat is too ftrong, there is no 
other remedy than toortening the time of the dip, and 
keeping the frame in four or five minutes in lieu of fix, till 
the vat becomes reduced in ftrength. 

Imperfeft bleaching, accidental impurity in the cloth, and 
long and partial expofure to heat mad air, are amongft the 
caufcs which contribute moft to prevent the cloth from re- 
ceiving the blue dye. 
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It is the praftice with many printers to give the cloth in- 
tended for this purpofe an extra preparation, either by boil- 
ing in a lye of potato, or a folution of common fait. If 
the regular bleaching has been perfeft, the firft is wholly 
unneceflaiy, and the fecond abfolutely ufeltfs. 

Cloth tnat has been well bleached may, by long keeping, 
and partial expofure to the air,duft, and other accidental im- 
purities, become fo unfit for dipping, a* to require fome 
extra preparation. In this cafe the modes we have fpoken 
of may be ufeful inafmuch as watoing, foaking in hot water, 
fqueezing, and the other attendant operations are ufeful, but 
clean, well bleached, and recently bleached cloth has no need 
of any fuch preparation. 

If the pafte be too ftrong, that is, if it contains too much 
fulphate, acetate, or nitrate of copper, it ia liable to ftart 
or run iu the firft vat, efpecially when laid on in large bodies. 
This evil, if not too great, may be remedied by gently 
moving the frame up and down during the firft two or three 
nrnutes after it is entered. It may alfo arife from the vat 
being too weak, and coufequently containing too little lime 
in folution, and may fometimes be remedied by the addition 
of more lime. If in fpite, however, of the motion of the 
frame, the addition of more lime, or of greater ftrength to 
the vat, the pafte ftill continues to run, it is a fign the fo- 
lution of copper is too ftrong, and the quantity muft im- 
mediately be diminitoed. 

When the green is gone off after the firft dip, the frame 
is then moved on, and dipped in the fecond vat. taking care 
to fkim it we : l before the piece is entered. In this way, 
after each immerfion, the frame is moved on to the next fuc- 
ceeding vat, till it has received the number of dips required. 
This, as we have before obferved, depends on the ftrength 
of the vat, and the toade of blue wanted ; but as, during the 
proccfs of dipping, the vats continually get weaker, the 
goods, after a certain time, will require an additional im- 
merfion, or even two or three, to get them up to the ftrength 
of the firft pieces that were entered. 

The ftrength of a blue vat is not exhaufted in the fame 
manner as the weld or madder bath, by the abftra&ion of 
the colouring matter from the folution, by the fuperior affi- 
nity of the mordant on the ftuff. When a piece of cloth is 
immerfed in the indigo vat, it becomes penttrated in five or 
fix minutes compleatiy with the dye, and will gain nothing, 
by being fuffered to remain longer than is neceflary for this 
purpofe. When taken out, it carries with it no more indigo 
than is contained in that quantity of folution which it has 
imbibed, and carries out of the vat. But the inftant the 
frame is lifted out, the liquor begins to drain from it back 
again into the vat, and pours down in fmall ft reams, thus 
expofing the folution compleatiy to the atmofpheric air. 
The indigo is in confequence revived and precipitated, fo 
that the liquor which drains from the piece, and falls down 
into the vat, is for the purpofe of dyeing, no better than fo 
much water. Every frame that is entered thus tffeCiing the 
precipitation of the colouring from matter two, three, or 
four gallons of the folution, the vat, efpecially the leading 
one, loon becomes reduced. in ftrengtli. The fecond, third, 
and fucceffive vats, are weakened in the fame manner, and 
alfo by the exhaufted liquor of the pieces, which at every 
dip after the firft, is exchanged, as it were, for the frtto and 
ftrong folution of the vat it is immerfed in. 

WTien the goods have received the hift dip, and have ac- 
quired their full toade of colour, they are taken off the 
hooks, and well winched in clean water; they are then, by 
the fucceffive operations of watoing and hot watering, rr- 
peated as occauon mav require, freed from the pafte, and 
rendered as clean as pofltblc before going into the fours. 
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Souring* is neceflary to free them from the laft remains of 
the pafte, and Rive a brightntfs and finifh to the whites. A 
folution of fulphuric acid, weak enough to be borne in the 
mouth without inconvenience, is fufficient to diflblve what 
oxyd of copper is ltft in the cioth after good cleaning. The 
goods are immerfed in this ten or frtcen minutes, after which 
they are well walked and hot watered, and when dry are 
finifned, or ready for any fuccecding operations. The ex- 
cellence of this kind of work depends on the clearnef* and 
purity of the white, and on the fulnefs and evennefs of the 
blue. The direftiens we have given are, with ordinary care 
and obfervatiooV fufficient for the attainment of this. 

When the vats have become exhaufted by working, they 
mud be rrfrtjbed \ If a vat contains a tolerable charge of 
indigo, copperas, and lime, and has been worked only once, 
raking up atone will be fufficient to put it in a date for work- 
ing again. When again exhaufted, copperas and lime mull 
be added to diflolvc the revived indigo. The quantity mult 
depend upon the fize of the vat. and the fuppoftd quantity 
of indigo which it contains. From 20 to 40 lbs. of cop- 
peras, and tbrfce-fourths of that quantity of quick lime, may 
be added at once to a vat of 1000 gallons, or thereabouts, 
and fome idea may be formed of the effeft which this fhould 
produce, by recollr&ing that one pound of indigo requires 
for folution about two pound? of fulphate of iron. It in pro- 
per always to have an excels of quick lime in the vat, but it 
is wholly unneceflary to make thofe frequent additions of 
lime without any thing elfe, which is the practice of many 
blue dyers. It fervea no other purpofe than to fill the vat 
fpeedily with dregs, which ought to be avoided as much as 
poffible, as wtien they are accumulated to a certain pitch, 
it 18 neceflary either to take them out, or fuffer the vat to 
repofe from 36 to 48 hours before it is fit for work after 
raking. 

If equal quantities of copperas and lime have been ufed 
when the vat was formed at firft, and three parts lime added 
for every four of copperas afterwards, any other addition of 
lime is wholly ufeleis. Some idea may be formed of the 
ftate and condition of a vat, by obferving its appearance 
when raked up. In general, if it looks dark green or black, 
it may be prefumed it contains a quantity of revived or un* 
diflolved indigo, and copperas and lime are therefore nccef- 
fary; this blackifh appearance may neverthcWs be occa- 
fioned by a very great cxcefs of copperas, br fulphate of 
iron, the oxyd of which, when rcctntly precipitated by lime, 
is dark green ; as this, however, could arife only through 
great ignorance, or accident, it is not often likely to be the 
cafe, as the quantity of copperas required to produce this 
effeft rauft be very great indeed. 

When a vat rakes up yellow, or very pale yellowifh green, 
it is fuppofed by fome to contain too much copperas, and 
mud be correAed by the addition of more lime. It is hardly 
correft, as we have before obferved, to fay a fat contains an 
cxcefa of copperas, fince this fait cannot exift in folution 
with lime. A vat may want lime, and in this cafe it will 
be very weak, of a pale yellowifh green, produce a very feeble 
blue, and the pafte will invariably creep y to ufe the dyer*' 
phrafe, or in other words, will ruh, and lofe the fharpnefs and 
fmartnefs of the imprtffion, the moment it is entered in the 
vat* This may be the cafe at the time the vat contains a 
quantity of revived indigo alfo, and rakes up black, fo that 
no certain conclufion can be drawn from the yellowifh ap- 
pearance aforefaid*. 

If a vat be weak, the froth which forms at the top during 
raking, is pale Iky blue ; the furfacc docs not fpeedily break 
into marble veins, nor is it foon covered with a blue 61 m. 
A ftrong well conditioned vat, on the contrary, when raked 
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up, becomes covered dtrefiUy with a permanent and copiona 
froth, the colour of which varies from a deep blue, when 
the vat is of ordinary ftrergth, to a bright copper colour, 
which is always chara&eriftic of a very ftrong folution, and 
the furface, when fkimmed, is in an inftant covered with a 
thick film of revived indigo* This film, and the deep blue 
and copper coloured froth, is the beft and pureft of the in* 
diiro, and is called th t flower of the indigo by the old dyers* 
In fkimming, great care mult be taken that this is carefully 
preferved, and returned again into the vats.at the time they 
are refrefhed. 

When a vat becomes fo exhaufted that further additions of 
lime and copperas have no effeft in increafing the firength, 
frelh indipo mull he added, with the proportions of lime and 
copperas before indicated. 

If a vat remains feveral weeks un worked snd without 
raking, it will abforb oxygen enough from the air to pre- 
cipitate the indigo from the folution, fo that, to the depth 
of 10 or 12 inehrs from the furface, it will confift of lime- 
water only, and mull be well raked up before it is worked* 
When the dregs have accumulated io much as to prevent 
the vat from clearing in 24, or at molt 36 houre, and when 
the frame begins to touch the mud during work, it is time 
then to empty it out, taking care to dofe the vat well with 
lime and copperas, fo as to get out all the indigo before the 
dregs arc thrown away a 6 exhaufted. 

Of Pale Blue * 

Pale blues are, in general, produced at a fingle dip; they 
require lefs indigo and labour than the preceding flyle of 
work, but more care and management to do them well. 
They are liable to be uneven and fpotted in the ground, and 
the proper tone and fhade of colour 19 a matter of great im- 
portance, and alfo of no fmsll difficulty. 

We {hall fpeak firft of pale blues and white, intended to 
be finiftn d up with after-colours or not. — Tht pailc for pale 
blue is precisely fimilar to that for the dark blue we have 
been treating of, except that it need not be fo ftrong, Two 
pounds of fulphate of copper, diflolved in a gallon of water, 
and thickened with pipe-chy and gum, in the manner of 
the three paftrs we have already g.ven, will form a very 
good referve for pale blue. Any other folution of copper 
will be equally efficacious, but the fulphate, as being the 
cheapeft, may be confidered as the beft. 

The preparation, or rather the condition of the cloth, is 
a matter of the greateft importance in pale blue dipping. 

If imperfe&ly bleached, or ftained or impregnated with any 
earthy or metallic fubftance that will obitrud the entrance 
of the dye, the blue will infallibly be uneven. A difference 
in the quality of the cotton, in the finenefsof the weft, or 
in the hardntfs of the twift, of which the ebth is made* 
will occafion confiderable variation in the (hade of blue, and 
defeat tvtry attempt, on the part of the workman, to do 
juftice to his work. To guard as much as poffible againft 
this, the cloth, in the firft place, fhould be fele&td pur- 
poftly, reading all thofe pieces which (hew uneveaatls in 
weaving, or variation in the quality of the materials. 

The goods fhould be in the beft poffible ftate for print* 
ing $ frelh from the bleach ground, carefully kept from dutt 
or dirt of any kind, and fuffictently damp to make them 
tske a ftiff calendering* Aa foon after printing as con- 
venient, they fhould be removed from the warm fhop to a 
cool fituation, where they will not get parched and dry, and 
dipped at furtheft the following day. 

All thefc precau’ions, however, are inadequate to fecure 
an even and level ground^ without rccourfe to the improved 
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inethod of dipping, for which we ire indebted to the ca- 
lico-printers of London* 

This improvement, whether confidered with reference to 
the particular ftyle of work, of which we are now treating, 
or its application to other branches of blue dyeing, the 
moft important that has lately been introduced, confifts in 
dipping the goods in clear lime-water before they are entered 
it) the blue vat. 

If the piece becomes uniformly wet throughout, and 
(hews no ftreaks o? patches of white, it may fafely be 
transferred to the blue vat as a piece that will take *an even 
dye. If, however, after remaining five or fix minutes in 
the lime-vat, there are parts which are not compleatly wet, 
it mutt be dipped five or fix minutes longer, and again taken 
out and examined. AU thofe pieces which, after two, or, 
at mod, three immerfions, ftill refufc admifiion to the lime- 
water, are r*j*&ed as uofit for dipping, and the pafte being 
removed by (curing, are appropriated to fome other courfe 
of work to which they are better adapted. 

The vat for pale blues is, in general, the fame Ss for the 
dark grounds, care being taken to felc& one that will give 
the (hade of blue required* It is ufual to employ the old 
and nearly exhaufted vats for this pur pole, but the blue is 
never fo bright and lively as when frclh indigo, and that of 
the finefi quality, is employed. 

The hue is greatly improved by fouring, a neceflary 
operation, to free the goods from the pafte, and ftill fur- 
ther, by winching them in a fototion ot white foap 10 or 
jj minutes, at a peat of 120°. 

Mr. Haufman obferves, that if the goods are plunged 
in a weak folution of fulphuric acid immediately on coming 
out of the vat, the blue is more lively and full than when 
jjrevioufly rinfed and wafhed. 

Mr. Chaptal employs for pale blue grounds without 
white, and for green grounds aifo, a vat compofed of in- 
digo, potafh, Kme, and orpiment* This folution, which is 
the fame precifely as the pencil-blue of the calico-printers, 
affords a much more delicate colour than that with lime and 
copperas, the caufe of which is not clearly underftood, 
though it moft probably arifes from the different degrees of 
deoxydation produced by the two fubftances. 

This vat is formed by boiling i olbs. of fine Spanifli in- 
digo, loibs. of potafh, aolbt. of quick-lime, and 5 lbs. of 
orange orpiment, in about 30 gallons of water, and pouring 
it, when the folution is compleat, into the vat containing 
about 800 gallons of water, and so or 3olbs. of lime. 
-When worked, it muft be raked up well the iniiant before 
the frame it catered, and when exhaufted, refrefhed with 
additions of the fame folution. 

If a piece of cloth, printed with the referve or pafte be- 
fore deferibed, be dipped in this vat, the copper becomes 
precipitated and fixed by the fulphuretted hydrogen which 
it contains, and produces a brown ftain inftcad of a white. 
It is poffible, however, with extraordinary care and manage- 
ment, to focceed in obtaining good whites in this vat, and 
the following proceft may be employed with fuccefs, though 
it it ftill capable of further improvement. 

Prepare a pafte by diflblving albs, of fulphate of copper 
an one gallon of acetate of alnmine, or tne common alu- 
minous mordant of the calico-printers, add to it x lb. of 
.nitrous acid, and 8 lbs. of pipe-clay ; boil well and ft rain it 
-through a fine cloth, and when cold, add as much thick 
'gum-water as is barely ueceffary to give it the due degree 
of confiftence for working. In printing this pafte the mal- 
let ibould never be ufed, a gentle tap with the hand, if the 
block is true and in good order, will leave the pafte, as it 
Ibould he, wholly on the furfacc of the doth* Pip fix or 
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eight minutes in the lime vtt, and when tfcken rut, fuffer 
the piece to drain two or three minutes before entering in 
the blue vat. The vat fhould be ftrong enough to produce 
the (hade required in two minutes, after which the frame 
(hould be withdrawn and plunged inftantly in a vat of clear 
water, and moved and agitated therein till the mn goes 
off. When wafhed and foured, if the work has Tucceeded, 
the white will be clear and prominent, and the blue the 
fined' that can be produced on cloth. Ir is remarkable, 
that a ftrong vat produces better whites than a weak one, 
on this account care muft be taken, that the folution be of 
a proper ftrength. The utmoft nicety is required in pre- 
ferring the cloth for this vat from duft or dirt of any kind. 
Goods that have been long bleached, and rot carefully fe- 
ci uded from the air, are wholly unfit. They ought, in 
fadt, to be taken frefli from the fours, for every, even the 
fmalleft particle of metallic fubftance that is in the cloth, 
when dipped in this vat, wi 1 produce a brown ftain, and if 
the cloth is uniformly tainted with it, entirely ruin the 
blue. 

In dipping pale blue grounds, it is fometimes neceflary 
to protect colours that have been previoufly applied, from 
the efftdf of the blue, as red or yellow flowers for example, 
which would otherwife become purple and green. The 
folu lions of copper cannot be employed for this purpofe, 
as they irjure the colours, cfpccially madder reds, or pur- 
ples, very much, and are not wholly removed without dur- 
ing, an operation which goods of this defeription cannot be 
fubjeded to. 

The referve moft commonly ufed, is (imply a pafte of 
pipe-clay or Spanifli white, boiled to a proper confiftence, 
and mixed with an equal quantity of thick gum-water. 
This does not affe& the colours upbn which it is applied, 
and is eafily removed by hot water and wafhing 5 but as it 
oppofes merely a mechanical rcfiftance to the dye, and fails 
the moment it becomes foftened, it will not bear a dip of 
ftiore than one minute or two. This is an inconvenience of 
great magnitude, when the pale blue ground is much ex- 
pofed, and not covered with any kind of dtfign calculated 
to hide unevennefs in the dye. The following pafte is re- 
commended and ufed, by fome, as capable of refilling muck 
longer than the formtr : — 

One pound of finely ground pipe clay, 

Itynir ounces of gum-arabic, 

Two ounces of iuet, 

Two ounces of wax, and 
One ounce of refin. 

Boil all thefe ingredients together, in as much water as wilt 
form a pafte of luflicicnt confiftence not to run. This pafte 
can only be applied with the pencil, and in large maflVs. 
It is removed with great eafe by hot water and wafti ng, 
without any injury to the reds, or other colours it has 
covered. 

The folutions of lead poflVfs the property, though in a 
much fmaller degree than copper, of refilling the indigo 
vat, and may be ufed with advantage for palling reds and 
other colours, which are but little injured by them. Wc 
have feen the following ptffteufed with great fuccefs 

DiffuWe two pounds of acetate of lead in a gallon of 
.water, add two ounces of tallow, two of wax, and two rf 
refin, and as much pipe-clay and gum as will make it of 
a proper thicknefs for printing or pencilling. This pafte 
wul refill a dip of three or four minutes ; it muft, however, 
be laid on in good bodies, and fuccecds better with the pen- 
cil than block. 

In pale blue grounds, with black and white figures, k c, 
it is often neceflary to print both the black and the pafte 
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at the fame time, to fave the expence and trouble of after- 
grou riding*. The black for this purpofe is generally che- 
mical black, for an account of which we mull refer to the 
article Gqlou K-maiing . The fulphate of copper palte is 

g enerally ufed, but as the goods cannot, on account of the 
*ack, be paffed through the fours to free them from the 
oxyd of copper, which imparts a greenilh hue to the white, 
it is better to employ the nitrate of copper, which is cleared 
by hot watering and walking much more compieatly. 

If the patterns contain very large maffrs or bodies of 
black, the acetate of iron, or what the printers call black 
colour, mud be ufed, increafing the ftrength to double that 
required for au ordinary black ; fo that when the goods are 
dipped, and as well cleaned as poflible, by repeated wafhing. 
See, they may be paffed through water rendered flightly 
acidulous with nitrous, or what is ftill better, acetous acid, 
without materially impairing the ftrength of the mordant. 

The white is compieatly freed from the oxyd of copper 
by this flight Touring, and takes no (lain in the dye copper, 
when the black is raffed with fumac and logwood. 

It is proper to obferve, that the goods, before fouring, 
fhouid be compieatly freed from all fuperfluous pafte, either 
of the black or white ; and the iron, by repeated hot water- 
ing, at a temperature of 140% oxygenated as highly as pof- 
fible. In this ftate it is fcarcely foluble, either in nitrous or 
acetous acids, and will bear weak folutions of them 15 or 
20 minutes. 

Of Rtf fling Mordants . 

When a pale blue is intended to exhibit other colours 
on the ground, as red, pink, yellow, orange, Sec. the pafte 
or referve is often mixed with a mordant capable of pro- 
ducing thefc colours in the dye copper. 

The common pafte alone will produce a yellow with weld, 
quercitron bark, fuftic, Sc c. if the pitcc be (Imply ruffed and 
waftied before dyeing. 

In this cafe the oxyd of copper which remains in the 
oloth attra&s the colouring matter, and though it is greatly 
inferior as a mordant, to the acetate of aiumitte, yet, with 
care and management, it is capable of producing, with 
weld, a pale and beautiful yellow. The only difficulty con- 
fifts in getting the colour even, and this is beft attained by 
employing thofe folutions of copper which ere moft foluble, 
and ufing them fomswhat ftrongcr than is merely neceffiry 
to refill the vat. 

When dipped, the goods fhouid be well rinfed in the 
river 15 or 20 minutes, and afterwards rinfed off in a copper 
of warm water, with a fhovtl full of cow-dung. Too much 
dung, or too great heat, will injure the yellow, the tempera- 
ture fliould not exceed ioo°, and after winching again in 
the river, they fliould be dyed at a heat confi krably below 
this, if weld is ufed, and not exceeding 75 or 80 if dyed 
with bark. 

Oxyd of copper, when dyed at a high temperature, in- 
variably becomes dull, efpecially when bark or fumac are 
employed. With weld there is lefs rifle of injuring the 
brightnefs of the yellow, but long continued heat impairs 
it greatly. 

This mordant does not at all anfwer for reds ; with mad- 
der it affords a dull wine-coloured dye, and with braz* 1 , 
peachwood, and cochineal, dull, heavy colours, more in- 
clining to pompadour or chocolate than red. When mixed, 
even in fmall proportions, with the comm m aluminous m»r 
dant, ita effeas are very vifible, when dyed with any ot the 
above-mentioned drugs. 

It is neverthelefs employed for deep full reds, upon pale 
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blue ground, according to the following formula, which !a 
excellent for a yellow or orange ■ 

Diffolve 2 lbs. of acetate of lead, and 2|lbs. of alum, 
in a gallon of water ; pour off the folution from the pre- 
cipitate, and add 8 ozs. of fulphate of copper ; thicken with 
1 1 lb. of ftarch, and 4 lbs. of fine pipe-clay. When cool, 
drain the 1 pafte through a cloth or fieve, and give the goods 
fix days age before dipping. Dip three minutes in a will- 
conditioned vat, and transfer the frame from thence inftantljr 
to the water-vat. — Rinfc off, and prepare for dyeing in the 
fame manner as before dire&ed. 

The following formula is in ufe for r< lifting reds or yel- 
lows: — Diffolve in one gallon of warm water 3|lbs. of 
acetate of lead, and 5 lbs of alum ; thicken it ( with the 
precipitate in) with the beft Senegal gum, and add 2 ozs. of 
white arfenic, ground as fine as flour; 4 ozs. of common 
fait, and 4 ozs. of corrofive fubiimate. Give the goods two 
or three days age before dipping, and keep them from three 
to five minutes in a good vat, or lefs, if you can get the 
(hade of blue required. Plunge them in the water-vat the 
inftant they are taken up, and rinfe and finifh as before. 

Bark or weld drab3 and olives, as they do not fo foon 
flicw any flight tinge of blue which may have penetrated 
the pafte, may be (imply thickened with good ftarch, and 
fiom 12 to j6ozs. of fuet per gallon, to enable them the 
better to refill the vat. If this fliould not fuffice, from 2 
to 4 ozs. of fulphate of copper may be added, but it muft 
be obferved, that this will change the hue of the drab, ami. 
make it more an olive. A lirtle pipe-jlay, not more than 
2 lbs. per gallon, may be employed alfo with advantage. It 
is very efficacious in keeping out the dye, and, in fo irnall a 
quantity, will not materially affedt the fullnefs and evennefs 
of the mordant. 

Solutions of tin, more efpecially the nitro-muriatic, are 
employed by fome calico-printers, in conjunction with the 
aluminous mordant, for refilling reds and yellows. They 
are not very powerful in keeping out the blue, and, with 
madder, afford but feeble colours : the yellow they produce 
is bright, but pale. 

In general, thofe folutions which are moft efficacious in 
refilling the vat, are the word mordants, as thofe of copper 
for example ; but as they will bear a long dip, and the 
cvcnncfa of the blue is thereby enfured, this advantage, in 
one colour, i9 confidered as fuffirient compenfation for want 
of brilliancy in the other. The common aluminous mor- 
dant, thickened with gum and a little pipe-clay, or with 
ftarch and pipe -clay, forms infinitely the bed mordant, and 
will refift the vat a few feconds, blit not fufficiently long ta 
make the work fecure. The recent improvement in this 
kind of dipping, however, by the ufe of warm vats, has 
removed a great many difficulties, and enabled fome calico- 
printers to produce work of very fuperior merit. 

The great and the only advantage attending warm vats, 
is the celerity with which the dye penetrates the cloth ; fo 
that all the effedl of a fix minutes 9 dip in a cold vat, may* 
in a warm one, be obtained in the fame number of feconds. 
The frame, in fa£t, is plunged in only for t moment, and 
inllantly taken up ; and, in this (hort fpace, the vat, how- 
ever flronrr, has not time to penetrate the pafte or mordant. 

The vats may be varioufly heated, as ben fuits the nature 
of the eftablilhmert. Steam affords the moft eafy andjtffi- 
cactous means, and may either be thrown into the vat through 
a pipe and valves, in which cafe the fleam itfclf is condenfed 
in, and mingles with the folution of indigo, or the vat may 
be tin part Turrounded with a cafing, into which the fteam 
may be admitted, and give out its heat, without filling the 
vat with condenfed water. 
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The firft i>? the fimpleft and moft economical mode 5 but 
it requires certain precautions which the other docs not. Ih 
the fir ll place, before the (team is admitted into it, the boiler 
ft Mild be blown, that is, compleatly emptied of air ; for if it 
partes along with the fteam into a vat, the indigo will be 
revived, and prec'pitatcd from the folution, and the vat ren- 
dered unfit for dipping. In the fecond place, if the vat, 
when cold, is only of the proper ilrength, the adrr. flion of 
fo much llcam, and Anfequently of condenfed water, as will 
be neciflary to raife it to the temperature required, will 
wtvkm it coniiderably j and lallly, fome inconvenience may 
arife from this great accumulation of condenfed water, uu- 
lefs due allowance be made before it is admitted, and care 
be taken never to turn it in when the vat is full. 

The fecond mode is fubjeft to none of thefe inconve- 
niences. The vat can neither be weakened by air from the 
boiler, nor by condenfed water, fince the htat ia tranfmitted 
wholly through the cafing. The expence, however, is very 
confiderahle ; itill it is greatly preferable to the plan which 
fome printers have adopted, of conftru&ing call iion vats, 
and heating them by furnaces built underneath. 

The temperature at which they can be employed, varies 
according to the kind of work, and the power which the 
patte pofTertVs of refilling a hoi vat. 

From 60 to 8o° will be fulficient for moll purpofes, and a 
vat of tolerable llrength will, at the latttr temperature, pro- 
duce a good blue in ten or fifteen feconds. 

Of coloured Pajle. 

By mixing both colouring matter and mordant with the 
rtferve, we obtain partes which at the fame time communi- 
cate colour to the cloth, and refiit the blue ; not only 
faving the neceffity of dyeing, but enabling us to form com- 
binations of colours, incompatible by any other procels. 
This branch of blue dipping is ftill in its infancy, and little 
has yet been done towards its perfe&ion. We lhali there- 
fore have little elfe to do in treating of this part of our fub- 
jc<ft, but to (late the few fact 9 on which it is founded, and 
fuggelt fome hints for its future improvement. 

if a folution of fulphate or acetate of iron be mixed with 
thereferve or parte for white, it will, when dipped and rinied 
off, leave a buff or orange (lain, not very Ilrong, indeed, nor 
always very even ; but applicable and ufeful in fome cafes. 
This palle has been long kuown and employed. 

If inftead of acetate of iron a ilrong dtcoiiiion of bark, 
or French or Tut key berries, be mixed with the referve, a 
yellow will be obtained, full, but lefs bright, than when raifed 
in the weld copper. 

Thus by combining different colouring matters with the 
mordants proper for fixing them on cloth, and alfo with fub- 
ftances which have the property of refilling the blue dye, 
various coloured partes will be obtained. 

The folutions of tin, from their forming combinations 
with moft colouring fubftances which are but little affe&ed 
by acids, feem likely to be of confiderable ufe in the compo* 
fition of paftes of this description. The muriate of tin dc* 
ftroys the refilling power of folutions of copper by de-oxyge- 
nating them ; but the nitro-muriate, or highly oxygenated 
folutions, produce rather a contrary eife& ; they are thefe 
which ftould therefore be tried. 

Of China Blue . 

The procefsfor China blue dipping confifts in applying 
finely ground indigo, in its crude and undiiTolved ftate, upon 
the cloth, and fixing it by alternate immerhons in folutions 
•f fulphate of iron and lime* 

The fame thing takes place upon the cloth, that is effected 
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in the ordinary blue vat when indigo is diflolved * in botft 
cafes the indigo is donxygenated, and prepared for folution 
by the copperas, and afterwards diffolvca by the lime* 

The different (hades of colour in China blue dipping are 
produced by reducing, more or lefi, the ftandard colour, 
which i9 prepared in the following manner. 

ill. Grind in a metal pot with balls, or by any other con- 
trivance, 10 lbs. of good indigo, 8 lbs. of good copperas, 
and 5 lbs. of orpiment, with 2 gallons of water; when the 
whole is nearly ground, add two quarts of very thick folu- 
tion of gum ft -legal, and grind a few hours longer. 

2d. Prepare a folution of fulphate of iron by diflolving 
2 lbs. in a gallon of water, adding a quarter of an ounce of 
pot-aftes, and (uffVring the precipitate, if there is any, to 
fubfide. Reduce the ground blue (No. 1) with as much of 
this clear lolution (No. 2) as will bring it to a proper con- 
fidence f >r working, and print with tnis for the dark full 
blue. When dipped, this colour will have nearly the uTedfc 
of black, efpecially in (mall bodies. 

For pale bine, reduce the rtandard with 10, ij, or 20 mea- 
fares of the folution of copperas, and an equal quantity of 
acetate of iron, or common iron liquor thickened with gum. 
With 50, 6o, or evm 90 meafurcs of lulphate and acetate 
of iron, one meafurc of the ftandard blue will give very good 
(hades of pale blue. When the pattern, whether block or 
plate, will not work in gum, a portion of the acetate of iron 
mull be thickened with ftaren, or flour, and ground up in 
the mill with its due proportion of the rtandard. When 
worked on plates, wooden do&ors, efpecially lime tree, arc 
preferred to lied onet- ; they clean the plate much better, 
and give a fine neat impreflion. 

The vats are of the lame form, and generally of the fame 
dimen (ions, as thole before defenbed ; they are, however, 
never lined with lead ; wood, or ftone, being confidered fuf- 
fici-nt<y fecure for folutions of li* tie value, compared with 
thofe of mJigo. They are difpofed in a line, a copperas 
vat, and a lime vat alternately ; or when the mode of dipping 
allows it, a lime vat between two copperas vats, forming a 
fyltem in which two frames are worked ; the lime vat being 
thus kept conilantly employed, the copperas vats only alter- 
nately. The copperas vats are made up of different 
itrengihs, according to the work intended to be d.me ; Ilrong 
thick. goud r , fuch as Multiiles quilring, &c. require ftronger 
vats than cd.icoes and muffins. The firil require the folu- 
tion to be of fpr. gravity 1040, the latter about 1030. 
Thefe are the molt economical pouit3, but good work may 
be done at any point between 1025 and jojo. Lower than 
1025, the colour will be pale anJ faint, though even ; and 
higher than 1050, it is liable to be uneven, fome parts being 
very deep and full, and others mealiy and fpoiled. 

The lime vats are fet with fine fifttd quick lime, recently 
flaked, in the proportion of 150 lbs. to ioco gallons of 
water. 

When the pieces are hooked, and properly arranged on 
the frame, they are entered firft into the lime, and the dip- 
ping proceeds as follows. 

1. Eutry in the lime vat 5 minutes* 

2. in copperas vat 30 

3. in lime vat 10 

4* in copperas vat 30 

5* in lime vat 20 

6. in copperas vat 45 

7. in lime vat 45 

During the firft five minutes in the lime, the frame muft 
be gtntiy rocked, or moved up and down, .then drawn up and 
tightened. The vat, both now, and at every (ubfequent dip, 
is well raked up before tbc frame is entered* When entered 
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jn the eopptru vat, roek five or fix timet, to detach the loofe 
tome from the piece. 

At the fecond entry in the lime, rock the wWe tirre. 

At the fecond, and every fucceeding entry in the copperas 
vat, rock five or fix times as before, to detach the lin e. 

At the third and fourth entry in the l»me, rock five or fix 
minutes, and now and then. 

The reafon for finifhing out of the lime, is to keep the 
frames and hooks free f r om the ruft and inernftation of the 
copperas, which it loofens, and renders more eafy to detach 
mrd clean ; with refpeft to raifwg the colour, it makes no 
difference whatever. 

When the piece comes from the copperas vat the fecond 
time into the lime, it will appear a grafs green colour, if there 
be a proper quantity of lime in the vat. If too little, the 
piece will appear yellowifh.and more lime mult be added. 

Take off the pieces quickly after the laft dip, and winch 
them brifkly in tnc water-pit a minute or two at the moft. 
Get them into the fours, and after winching over twice or 
thrice, let them lie an hour or two, after which winch again 
four or five times, and wafh well in the wheel. Hot water 
them, and wheel again before hot Touring, which is done in 
a four of fpec. gravity 1015, heated to 1S0 0 . Winch the 
goods four or five minutes in this, after which wa(h, hot 
water, &c. and finifh for drying. 

If the goods are kept too long out of the cold four af- 
ter the laft dip, the oxyd of iron, with which they are 
coated, oxygenates very rapidly, and the cloth becomes buff 
or orange. It is with difficulty that the iron is difengaged, 
and not without long and very ftrong hot fouring. 

The cold fours loon become foul with the loofe fuper- 
fluous indigo, which is detached, and unfits them for light 
goods, long before the acid is faturated. 

In this caft it is economical to add two or thrre fhovels 
full of fine well-beaten c ay, previoufly mixed up with 
water ; when this is well incorporated with the fours, 
and fuffered to fubfide, it carries down with it great part 
of the floating indigo, an 1 renders them fit for ufe again. 

After every day’s work the lime and copperas vats muft be 
refreflitd. 

From 25 to 35 lbs* of fifeed lime, according to the fize 
of the vat, and the number of pieces that have been paffed 
through it, muft be added every night. 

No harm can arife from cxccfs of lime, excepting the 
unneceffary expence of more than is required, and the accu- 
mulation of fediment or mud in the vat which will foon re- 
quire removing. 

Tcn pounds of copperas are generally added for every 
piece of calico that is dipped. This is fufpended at the 
lurface in a wicker bafket, and fuffered to remain till all is 
diflMved. It is quite unceceffary to rake up the vat, as 
the frefh additions of copperas will incorporate uniformly 
without dining, which, by muddying the vat, miy do mil- 
chief. Care, muft be taken to ufe the hydrometer frequently 
to correft any deficiency or excefs which may arife in the fp. 
gr, of the foJution of fulphate of iron. . 

In making new or frefh copperas vats, after having 
brought them to the ftandard on the hydrometer, add to 
every 1000 gallons four or five gallons of the lime vat 
(raked up) and one pound of potafh. This is to neutral- 
ize the fuptrabundant acid of the copperas. 

The grafs green Yorkfhire copperas is the belt for this 
purpofe, it contains the leaft free acid ; the pale whitifh 
green is the word, and when fuch is ufed it will be proper 
occafionally to throw into the vat about one paund of potato, 
and four or five gallons of muddy lime water. 
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When daily worked the lime vats fhonld be emptied out, 
and wholly renewed once a month at' Icaft* 

The copperas vats are never wholly emptied, but when the 
mud accumulates fo as to be troublefome and endanger the 
fafrty of the work by reftfog on the lower edge of the 
piece, it muft be taken out with a fcoop or (hovel proper 
for the purpofe. 

The ground of thofe goods which fhew much white will 
in general be Efficiently clear when finifhed according to 
the preceding directions , the white is however greatly im- 
proved by a gentle fosping, and one or two days expefure 
on the grafs. 

In general, better work may be produced in the winter 
months than in Etnmrr: in bot weather, the colour is 
liable to be uneven, patched and mcaily, the caufe of 
this has not been well afeertained, though, in all probability, it 
arife s from the incrcafed aftion of the fu'phate of iron and 
lime at an inerrafed temperature : it is not unlikely that 
weaker copperas vats would be found to ad better in fum- 
mer than firong ones, as the effed of temperature would 
thereby in fome degree be count traded. 

From the nature of the proctfs of China blue dipping, 
it muft be evident that it muft precede any other applica- 
tion of col mrs to which the cloth is intended to be fubjeded. 
If, for inftance, reds or yellows are to be introduced, thefe 
muft follow the operation of dipping ; as they would inevi- 
tably be rufoed by repeated immcrlion in copperas and 
lime, or wholly difeharged by cold and hot fouring 

Dipping, in Magnetics, is a certain degree of inclination! 
which a magnet or magnetic body, be it natural or artificial, 
endeavours to attain in moft parts of the world. Amongft 
the properties of a magnet, this of its dipping undoubtedly 
is one of the moft admirable ; but with a magnet already 
poffeffed of its charaderiftic properties, this dipping is not 
ealiy difeerned; it being difficult to fay, whether the incite 
nat’on of one of its extremities below the horizontal plane, 
and of courfe the elevation of its oppofite extremity above 
that plane* is owing to the magnetic virtue, or to the want of 
mechanical balance, {viz. to iia being heavier on one fide of 
the fulcimcnt than on the other,) and it was evidently on this 
account that the dipping of the magnet was not difeovered 
fo foon as its proptrty of dirt ding iticlf north and fouth, or 
nearly fo. See Magnetism. 

The calieft method of obferving this magnetical property 
is as follows. Sufpend an oblong and unmagnetic piece of 
ftcei either upon a vertical pointed wire, after the manner of 
a common compafs-necdlc, or by fattening a fine thread to ita 
middle * fo that the oblong piece of ftccl may remain pcrfedly 
balanced, and of courfe horizontal. (A common oblong 
fewing-needle, having a thread fattened to its middle, will 
anfwer Efficiently well.) Then let this piece of fieel or 
needle be rendered magnetic by the mere application of two 
powerful magnetic bars to its extremities ; taking particular 
care not to difturb its point of fufpenfion 1 and when this 
has been done, and the magnets have bten removed, the piece 
of fieel or needle will no longer remain in an horizontal fi- 
xation, but one of its extremities will dip ; that is, will in- 
cline itfclf below the horizontal plane, and its oppofite extre- 
mity will raife itfclf above that plane, making an angle with 
it which is different in different parts of the world, and in 
fome places it vanifhes } that is, the needle will remain hori- 
zontal. This angle is alfo various in the fame fixed place at 
different times ; this latter variation however is but trifling* 
In England, the north end of the magnet tends downwards. 
A clearer idea of the different inclinations of the magnet, 
or magnetized fted, in different parts of the world, as well as 



290 

•f t he caufe upon which that phenomenon depends, may be 
derived from the fcile wingexperiment. Take n globular mag- 
net, N S % Plate IV. Magneitfm fig. 22 , comnu nlv called a Ur* 
re l!a t or a magnetic fteel bar, N S.fg. 23. (for by drawing a 
circle round thelatter^one may e&filyfi^urr to himftlf the form 
of a globular magnet.) The extremity N of this teirtlla, or 
iteel bar, is ire north pole, and the extremity S its fouth pole ; 
and A is it3 middle or equntor. Pace it upon a table as 
C D; then take another f.nall and oblong magntt, or a com- 
mon fewing-netdle rendered magnetic ; fufpend it by faften- 
inga fine thread to its middle, in fuch a nnnnrr as to remain 
in an horizontal pofitton when not influenced by any other 
magnet. Now, if the fold final! magnet, being held by the 
upper part of the thread, be brought juft over the middle of 
tht large magnet, within two or three inches of it $ you will 
find that it will turn it felf fo as to direft its fouth pole s to- 
wards the north pole N of the large magnet, and its noith 
pole rt towards the (ouih pole S o! the lar;re one j it being a 
well-known law in magnetics, th.it poles of different denomi- 
nations attraft each other. It w ill be further obferved, that the 
frwall magnet, whilft kept juft over the middle A of the large 
mignet, will remain parallel to it or to its magnetic axis ; for 
in that cafe the poles of the fmall magnet are equally at- 
tracted by the contrary poles of the large magnet, which are 
equidiftant from the former. But if the final! magnet be 
moved a litt’e nearer to one end than to the other of the 
large magnet, then one of the poles of the former, namely, 
that which is ncarcll to the contrary pole of the latter, wi l 
incline itfelf towards it ; and of courle the other extremity 
will be elevated above the horizon. This inclination of the 
fmall magnet will be found to increafe in proportion as it 
is brought nearer and nearer to one of the poles N or S; 
and, at laft, if it be brought direftly oppofite to one of thofc 
poles, it will turn its contrary pole towards it, and will place 
itfelf in the fame ftraight line with the axis of the large 
magnet, as is indicated by the figures 22 and 2j, wherein the 
like parts are denoted by the fame letters. 

It muil now be obferved, that all the fafts that have hi- 
thtrto been noticed relative to the fubjtft of magnetifm, tend 
to prove, that the whole earth is, or muft be confidertd as a 
large magnet ; having its magnetic poles, magnetic equator, 
Sec. : hence a magnetic needle, or any other magnet what- 
ever, fituated on different parts of the earth’s lurface, in- 
clines, or tends to incline, the one or the other of its extremi- 
ties, towards the horizon, or towards the axis of the earth, in 
the fame manner and for the fame reafons that compelled 
the fmall magnet ns of the preceding experiment to affume 
its various directions when placed in the vicinity of the large 
magnet N S. For, admitting that the north pole of the earth 
is pofleifed of a fouth magnetic polarity, and that the op- 
pofite pole is poffdTcd of a north magnetic polarity, it fol- 
lows, as is confirmed by aftu-al experience, that when a mag- 
net, properly fhaped and properly fufpeoded, is kept near the 
equator of the earth, it muit remain in an horizontal fitua- 
tion 5 that if it be moved nearer to one of the poles of the 
earth, it muft incline one of its extremities ; namely, that 
which ispeflefled of the contrary magnetic polarity ; that the 
faid inclination muft increafe in proportion as the magnet, or 
magnetic needle, recedes from the equator of the earth ; and, 
laftly, that when brought juft over either of the magnetic 
poles of the earth, it muft itand perpendicular to the ground; 
was. in the fame ftraight line with the axis of the earth. 

The reader muft net be furpttfed to hear that a fouth 
magnetifm is attributed to the north pole of the earth ; it 
being only meant, that it has a magnetic polarity contrary to 
that end of the magnetic needle which is direfted towards it $ 
and aa we call the fame end of the needle a north magnetic 
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pole, we muft of ncccflky attribute a contrary prwer, thnt 
is, a fouth magnetic polaiiry, to the northern part of the 
earth, — With a proper change of names, the fame remark 
muft be applied to the f. mthern part of the earth ; viz. it 
muft be confidered as beirg poflUTed of a noith magnetic po- 
larry* 

By a little attentive confilcration it will be eafily compre- 
hended, that the true and natural fitnaron of a magnet, or 
magnetic necdK is a combination of ite horizontal and verti- 
cal direftion ; viz. the magnetic needle endeavours to place 
itfelf in the plane of the magnetic meridian, and in a direct 
tion more or lefs inclined to the horzon, according as it hap- 
pens to be fituated, nearer to or faither from any of the 
magnetic poles of the earth. And this natuial direftion of 
the msgntt is called the magnelieal line. Therefore, in order 
to obfcive the true d pping of the magnet, the magnet'e 
needle, or oblong magnet, muft he placed in the magnetic 
meridian ; viz. 111 the tiftial direction of the compafs at the 
place of obfervation ; otherwife the inclination of the mag- 
net will be greater than it ought to be, as nay be tafily de- 
rived from a duecoi.fideration of the combined forces which 
aft upon it. H therto we have confider d the earth as ait 
uniform and regular magnet, having the magnetic poles in its 
real poles, and its magnetic equator in its true or eftronomi- 
cal equator. And if Inch were the cafe, the dipping angle, 
which the magnetic needle makes wiih the horizon, would 
bear a certain determined ratio to the latitude of the place ; 
fo that by obferving that angle, the latitude of the place 
might be deduced from it, without the need of any aftrono- 
mical obfervation, which would prove of the u*m< ft advan- 
tage to navigators ; the cafe, however, is far different, as will 
be more particularly noticed in the fequel. For the prefen t 
it will be worth while to mention, that after the difeovery of 
the dipping property of the magnet, (anguine expectations 
were entertained refpefting the advantages which irrght be 
derived from it, and it wax imagined, that not only the lati- 
tude, but the longitude a’fo of the place of obfervation, might 
he indicated by the dipping angle of the magnetic needle; 
for though it fo m appeared, that neither the magnetic 
poles, nor the magnetic equator, of the earth, coincided 
with its true poles and trti*» equator; yet that very fame cir- 
cumltanre feemed to furnifh the method of determining the 
longitude ; which method was grounded upon the following 
principle ; viz. that if the magnetic poles, though different 
from the ml poks of the earth, be either fixed in other 
places, or do move with any regularity, it follows that the 
magnetic equator muft liktwile differ from the real equator ; 
and muft cut it at a certain angle ; therefore, in the fame pa- 
rallel of latitude, but in different longitudes, the dipping 
angle of the magnet mull be different ; hence, by obferving 
the dipping angle of the magnet at any particular place, 
the longitude of the place would thereby be indicated. Im- 
preffed with this idea, during a long period, fubfequent to 
the difeovery of the dipping of the magnet, the fcientific 
world made various and llrenuous exertions for the purpofe 
of rendering that magnetic property fubfervient to naviga- 
tion. Innumerable calculations were made, and various in- 
ftruments were contrived. Mr. Henry B >nd, a diftinguifted 
teacher of the art of navigation in London, calculated a ta- 
ble of latitudes correfponding to every five minutes of the in- 
clination of the magnetic needle, and it was given out, that 
with this Mr. Bond’s table, a good dipping needle, and the 
latitude of the place of obfervation, one might determine the 
longitude of any place in the world. Phil. Trans, v. viii. 
p. 6o6j. Mr. Bond was not the only projector of the kind* 
Meffrs. Ditton, Whiftan, and many others followed his ex- 
ample* Some were pofitive, others doubtful, and a few 
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isutioui perfoni patiently awaited tKt rt fait of experience j 
but the refult of aflual experiments foon proved the im» 
prafticability, or the infuflicicncv, of the projefts, which 
were of courfe gradually ncglefted, and w«e laftly even ri 
diculed by the facetious Dean Swift, The p incipal obj-d 
of calculation is to determine the nature of a curve which 
xniiht pafs through the poles of a large magnet, and to 
which curve a I mill magnetic needle may be a tangent at 
any point of its courfe, Or, in cafe ol the earth, to ca'cu* 
late the inclination which the needle mult have in any part'* 
cular pohit of its iurface, The data, however, upon which 
thefe calculations mult be ground-d, are u ictruin. The 
magnetic needle is aded upon by both poles of the earth, 
und the law of that adion is by no means well known ; 
though it appears, both from expniments ami calculation, 
that, moll probably, the force o( each po'c varies in the in* 
werfc duplicate ratio of the diltance. Set Mr! I.amkit’s 
experiments and calculations in the Memoirs of the Academy 
of Berlin for 1 7 . 0 » at) d bis (tcond dilatation in the 22J 
tolume of the lame, We might refer our readers to other 
works, and we might aifo infcit p-oper fptcimensof the cal* 
cuhtious that have been propof.d and actually made; but 
fmee the projects are neither tftabhlh-d upon ur.qneftton* 
able principles, nor arc they at all fatisfaCtory, wc fha'l 
not fwell this article by the introduction of intricate invelli- 
gations. 

In (hort, it appears, from the concurrence of all the molt 
accurate experiments and obfervations that have been made 
upon land as well as atfea, lit, that the earth is not an uni* 
form or regular magnet, but a very irregular one ; for the 
ferruginous paits ot it, (from the joint aftion of which the 
magnetifmof the whole atife',)arc irregularly difpofed through 
it ; whence it artfts, that according as the magnetic needle 
is nearer to or farther from any ferruginous matter, fo it h 
more or lefs influenced by it. 2dly, the magnetic po'cs 
of the earth are neither diametrically oppofite to each other, 
nor indeed have philoiophers as yet been able to determine 
their precife (ituations. ProftfTor Krufft, in the 1 7th vol. of 
the Petci (burgh Commentaries, places the north magnetic 
pole of the earth in lat. 70° North, and longitude 23 0 Weft 
of London j and the fouth magnttic pole in latitude 30° 
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South, and longitude 92° Eaft, Wilcke of Stoekholro, in 
bis indication chart, in the 33d vol, of the Swedifh Memoirs, 
places the north magnetic pole in latitude 75° North, near 
Mu’s Buy, in the longitude of California, and the fouth 
pole tn the Pacific Ocean, latitude 70° S. Churchman places 
the north pole in latitude 59° N. and longitude 135* W. and 
the fouth pole in lat, 39 0 S. long. 165° E, A plani- 
fphere by the Academy of Sciences at Parii for 1786, 
places the magnttic equator fo as to interfe^ the earth’s 
equator in long. 75° and 135° from the Ifland of Ferro, 
with an inclination of 12® nearly, making it nearly (great 
circle. But we are not informed on what authority, nor 
does this liatement agree with the obfervations of the dipping 
made by Butilh navigators. Mr. Churchman has given a 
ketch of a plauifphcre with lines which may be called paral- 
lels of the dip. Thofe parts of each parallel that have been 
alcertained by obfervation, are marked by dots, fo that we 
can judge of his authority for the whole delineation. The 
magnetic equator cuts the earth’s true equator in long. 1 j°, 
and 195' L. of Greenwich obfervatory, at an angle of 17' 
nearly. The circles of magnetic inclination are not pa- 
rallel, being conliderably nearer to each other on the fhort 
meridian than on its oppofite. 3clly, the magmtifm of the 
earth, viz. the pofittons of its magnetic poles, magnetic 
equator, &c. arc fubjed to a gradual, but uncertain vari- 
ation, which, in all probability, arifes from the irregular 
heating and coolmg, From the formation and decompontlon 
of the different internal pans of the earth, and perhaps from 
other canles, 

Notwithltaiding the failure of the advantages which were 
txp.'fH from the dipping property of the magnet, it mull 
be adnov.l' dgc 1, that the dipping reedle, which fhews the 
above-mentioned piop"ity of the magnet, feems, uponconli* 
deration, to be the principal iaflrum- nt, from the indication 
of which we may exped to complete the magnetic theory of 
the terraqiiiom globe: it is therefore to be wilhed, that ac- 
curate’, and at tk tame t.me lealt expetifive, inftruments may 
be contrived for the purpofe ; and that numerous as well as 
accuiate obfuvations may be made with them in every part of 
the w«rld. 



Discharging of Colour 


DISCHARGING or Colour, is frequently employed 
by dyers, to produce particular patterns upon the dyed 
fluffs. A manufacture of this kind has lately been intro* 
duced and profecuted to great extent in the weft of Scot* 
land, for the purpofe of manufacturing Bandana handker- 
chiefs, in imitation of tbofe imported from India* The 
material of whith the fabric confilts is cotton, and the cloth 
is fometimes tweeled, and fometimcs woven plain* The 
ground of the handkerchief is generally oi the fa(t dye* 
commonly known by the appellation of Turkey red, and 
this colour being afterwards difcharged in particular places, 
a number of white fpots are interfperfed upon the red 
ground. The procefs is by no means complex, but as the 
manufacture is recent, has hitherto been chiefly, if not en- 
tirely, confined to the diftriCt where it originated, and has 
been much admired ; an account of the engine employed, 
and of the procefs, may perhaps deferve fome attention. In 
the Indian Bandanas, the white fpots are generally placed 
in clufters in the diagonal or diamond direction, and this 
diilribution has been moft frequently adhered to in the imi- 
tation handkerchiefs. The fpots are fometimes round, 
fometimes fquare, and fometimes, though more rarely, tri- 
angular. Previous to the difeovery and introduction of the 
discharging procefs, as applied to this manufaClure, many 
imitations of the Bandanas had been made by the common 
mode of calico-printing* But the colours of the printed 
handkerchiefs* befides being lefn brilliant at firfl, were found 
to fade fo foon, that the difcharged ones do already, in a 
great meafure, and will probably very foon entirely, fuper- 
icde them. 

The engine employed is a very ftrong prefs, the whole 
framing of which is generally of call iron. In conftrufting 
this prefs, it is absolutely neceflnry that every part fhould 
be fo llrong, as to bear a very great preflure without yielding 
in any part. A ground plan, and tranfverfe elevated feftsen 
of it, are given in ij/fg/, 3. and 4. Plate VI IT. MifccUany . 

The pattern to be formed is cut upon two flat plates, 
which cxaClly correfpond. They are ufnally of cafl iron, 
arid the lower plate is faced with copper, or fome metal 
which will both receive a tine polifh, and refill, to a great 
degree, the corrofive power of the difeharging liquor, which 
is compofed of a preparation of the oxy-muriate of lime 
diluted with water. In the under plate, which mud be 
perfectly fmooth and level, a hole is cut for every fpot 
which is to be difcharged. In the upper plate, or cover of 
the prefs, every fpot is foimed by a hollow tube of brafo 
or copper, which is tightly driven into a hole formed in the 
plate, and cemented with a compofition of white lead and 
oil, or any other cement, which will prevent the difeharg- 
ing liquor from efcaping by any other paflage than thole 
abrougli the perforated tubes. 

In the ground plan (jig. 3.), little more oi the prefs will 
be feen than the upper furface of the cover, which is di(lin-> 
guifhed by the letters A, A, A, A, placed at each corner* 
About the upper plate or cover is a rim to prevent the dif- 
eharging liquor from running off, which is didinguifhed by 
the letters B, B, B, B. 

At each corner of the plate it a round hole, working upon 


a pin faflened in the under plate or foie of the prefs, to guide 
the bottoms of the perforated tubes perpendicularly over the 
holes in the lower plate. Befides thele guides, there are 
two notches C, C, which grafp the upright pillars D, D, 
and thus the upper plate, when riling and unking, is guided 
in fix different places. The elevation and depreflion of the 
cover is effefted by turning the ferew E. The form of the 
upper and under plates, and the pattern being represented by 
fig. 3 , the remaining pirts of the prefs will be more clearly 
feen by referring lofig. 4, which is a tranfverfe elevated fec- 
tion of the prefs, cut in the dire&ion of the dotted line F F, 
fig . 3. 

The letters of reference in fig. 4, are the fame for each 
part, as in^. 3 , but fome part9 are diflinftly feen in the lat- 
ter, which do not appear in the former, and thefe are diftin- 
guifhed by additional letters. Asin^. 3, AA reprefent 
the upper plate or cover of the prefs. The rims are (hewn 
by the letters B, B. The notches which grafp the upright 
pillars ate marked C. C, and the pillars D,D. The ferew 
which raifes and finks the cover of the prefs is diitinguiflied 
by the letter E. Between the pillars D, D, is an arch of 
iron H H, in the centre of which is a box I, containing a 
female ferew for working the ferew E. The lower part of 
the ferew E revolves in the focket G fixed to the cover of 
the prefs, and thu* raifea or finks it as may be neceffary. Upon 
the ferew E, is fixed a wheel K K, through the arms of 
•which is put the lever uied for ferewing down and raifing 
the cover, as in other large prefTes* The foie or bottom of 
the prefs is dillinguifhed by the letters L,L. It is placed 
exactly in a horizontal direftion, and is fupported by fix 
llrong iron perpendicular legs, namely, one at each corner, 
and the lower parts of the pillars D, I), in the middle* Be- 
tween the cover and bottom, the cloth to be difcharged is 
placed at M M. 

The mechanical part of this procefs is* ia almoft every 
refpeft, entirely firnilar to that ufed by cloth dreflers, book* 
binders, and many other tradefmeu who employ llrong 
ferew prefTes. To enftire the accuracy of its operation, 
correftnefs of workm^nlhip, and ftrem'tb, are all that aie 
necefl\ry, and thefe are ludifpenUble. The prefs mult 
be fixed, fo that both the cover and bottom may be ho- 
rizontal planes. The bottom mull be perfectly level, and 
the perforated tubes in the cover nv.tfl all exactly touch the 
bottom, with equal preflure. The perforation of the tubes 
mull alfo corrtfpond exactly with the holes or apertures in 
the bottom, and the gu ; dea mult be fitted to work freely, 
but at the fame time to prevent any aberration of the cover 
in riling or finking. From the great preflure neceflary 
when the cover is ferewed down, great care ought to be 
taken that the whole of the lupporters *f the prefs be ex- 
aftly perpendicular, and that the pref c , when properly placed, 
fliould be llrongly fecurcd* 

The apparatus bring well made and properly fecured, the 
procefs of manufa&ure is remarkably fimple. The cloth 
is woven of the natural colour of the cotton wool, and ia 
this particular the manufafture, befides the beauty of its ap- 
pearance, pofleffes a decided preference, in po»nt of economy, 
over the Pullicate handkerchiefs, and other imitations of the 
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Indian manufafture, where the pattern is produced in the 
loom, and the duff previoufly dyed in the ftate of yarn* 
Whatever care has been taken to prevent the tedious and 
repeated proctffes, which are ufed in the dyeing of Turkey 
red, from injuring the yarn, every perfon, at all converfant 
with the manufacture of coloured yarn, will be fenfible that 
all the fubfequent ftages of the operation of forming it into 
cloth are much impeded by the preparatory change which it 
has undergone in the dyers’ hands ; and from the nature of 
the proctf* this perhaps applies to no colour in fo great a dt- 
grec as to Turkey red. It follows that the wages given to 
winders, warpers, and weavers, muft be raifed in proportion 
to the impediments which they have to encounttr, and to 
the fmaller quantity of cloth which their exertions can of 
confequence produce. Bcfides this, all handkerchiefs orna- 
mented in the loom, are confined to what i9 called checking ; 
and all the various colours mud be interwoven either parallel 
or at right angles to each other, unlefs very complicated 
and confequentiy expenfive mounting be ufed. The time 
confumed in changing the colours of the woof alfo impedes, 
in no fmall degree, the fpecd of the operation ; and thus both 
the Rate and nature of his materials, and the mechanical ope- 
ration neceffary to accompliffi his purpofe, tend at the fame 
time to enhance the wages of the weaver, in proportion to 
the quantity of cloth which is the produft of his labour. 

But as the imitation Bandanas are woven perfectly plain, 
the fame as calicoes, cambrics and other ftout fabrics, no 
impediment of this kind occurs, and the whole labour arid 
expence are in the fubfequent procefi, and the fum funk m 
procuring the prefs. 

After the cloth is woven, it is cleared from impurities, 
and dyed Turkey red, exa&ly in the fame way as yarn is 
dyed. When the colour is to be difeharged, the cloth is 
neatly folded in fquares, of about loor i2loids, and laid 
upon the foie or under plate of the prefs, the cover being 
previoufly elevated by means of the ferew and wheel. 
When the cloth has been properly difpoftd, at at MM, the 
cover is brought down in contact with its upper furface, and 
a lever being applied to the ferew and wheel, the upper and 
under plates are firmly fere wed together, the cloth being, 
between them. The under part of each of the perforated 
tubes now preflea hard upon the upper furface of the cloth, 
and being perpendicularly over the holes in the under plate, 
no part of the difeharging liquor can efcape, excepting 
through the apertures which form the pattern. Thcfe aper- 
tures are diftinguilhed in the feftion,^. 4, by the numbers 
1 to 8. The prefs being ferewed down, the difeharging. 
liquor is poured upon the cover, and being confined by the 
rim paffes through the apertures, and difeharges the colour 
from thofe parts of the cloth which it paffes through, being 
prevented from fprtading upon any other part by the power 
of the ferew. The difeharging liquor is receded into a 
trough placed under the lower plate of the prtfc, and dif- 
tinguiflu-d by the letter N. From this trough it is con- 
veyed, by a fpout, into veffds placed to receive it, and 
preferved ; for although it lofts much of its chemical qua- 
lity in patting through the cloth and difeharging the colour, 
it retains fo much as ftill to be of fervice in many of t he 
inferior operations of clearing and whitening of cloth. The 
difeharge of the colour is eflefted by the aflion of the 
liquor in about eight or ten minutes. When the l ; quor has 
pafled through, the cover of the pref3 is raifed, the cloth is 
taken out, and another piece being fubftituted, the opera- 
tion goes on as before. 

When two induftri.'us perfons are employed, for the pur- 
pofe 8 of folding the cloth, working the prefs, and applying 
the liquor, it is calculated, that the operation, for one piece 
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of 12 handkerchiefs, occupies about 15 minutes; confe- 
quentiy, two perfons can difeharge 48 or 50 dozens of 
handkerchiefs in one day of 12 working hours. 

The operation requires only care and attention ; for if 
the prefs be properly conft u&ed, nothing more is required 
than to fold the handkerchiefs neatly, to lay them iquare 
upon the under plate of the prefs, and to be careful that 
the cover is tightly ferewed down before the liquor is ap- 
plied. When the handkerchiefs are taken from the prefs, 
the difeharged fpots do not appear white, but of a dull 
ftraw colour. The common operation of clearing, however, 
very foon gives a pure white to tne fpots, and adds bril- 
liancy to the Turkey red ground. Thofe who have been 
lougtft in the habit of working thcfe prides, coulider a 
molt important point to be, attention to the cement which 
is put where the perforated tubes are connected with the 
cover of the prefs. Tuis certainly requires frequent and 
careful examination ; for if any of the liqujr is allowed to 
efcape lure, the ground of the handkerchiefs will be ma- 
terially injured by its operation upon the colour. As the 
invention is recent, and the ftudy of pra&ical chtm dry 
rapidly advancing, it is not improbable that fome compo- 
sition of fuperior efficacy, for this purpofe, may foon be 
difeovtred. The cement ufed anfvvers the purpofe tolerably 
well, but requires great attention or; the p4rt of the perfon 
to whom the charge of the prefs is entrust'd. 

It has been already observed, that the chemical liquor 
generally employed is a folution of the oxymuriatc of lime. 

The method of preparing this liquor was difeovered and 
fir A: introduced into pra6l.ee by Charles Tennant, elq. St. 
Rollocks, near Glafgow; and is, at prefent, uuivtrfaliy 
ufed by thofe engaged ia the manufactory. The following 
remark?, upon its pmdtical application, have been obligingly 
communicated to the writer of this article by that gentle- 
man, which he will copy in his own words : — 

“ Agreeable to my experiments, a folution of the oxy- 
muridte of lime, of 1.010 fprcific gravity, decompofed by 
Totfth part of its weight of fulphuric acid, of 1.846 fpe- 
cific giavity (the ufual quality of marketable ore), is the 
moft adva ntageous preparation for difeharging Turkey red; 
and what, I believe, is in pretty general ufe with the trade 
iu this quarter. 

As the ox y muriatic acid is but little foluble in water, 
when difengaged from its combination with the lime, the 
fooner it is ufcJ, after its feparation by the fulphuric arid, 
the better ; and this is done by (imply filling the types with 
the folution, and allowing it to remain in them for lo many 
minutes as proper, until the difeharge is tffeclrd. 

“ When the difeharge is complettd, the acid liqnor mull 
be carefully walked out of the types previous to their being 
removed from their hold of the cloth.'’ 

It is hardly neceffary to obferve, that the word types, 
ufed by Mr. Tennant, refers to the perforated tubes fixed 
in the cover of the prefs, and previoufly deienbed iu the 
mechanical part of this article. 

Some alteration in the conftru&ion of the preflVa has 
very recently been introduced into fome of the manufac* 
tories. The chief difference from the prefs represented, 
con lifts in preffing down the cover by a great weight, indead 
of the aftioii of the ferew. Water has been ufed to give 
this weight, and is raifed into a trough upon the cover by 
mums of a forcing pump, when the preffure ia to take 
place. This may certainly prefs more equally ever the 
who.e furface of the cover than a ferew, which a&s only 
npon one point, and in this particular may be an improve- 
ment. Few of thefe preffes have, as yet, been ufed j but 
thole which have, arc faid to anfwcr very well. 
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D 1 STILL£R, a perfon who diftili fpirits for fale. By 
43 G. III. c. 69, every diftiller or m?ker of low wines 
or fpirits for fale, or exportation, within England, (hall take 
ont a licence, which (hall be charged with the yearly fum of 
10I. $ and every reflifter of fpirits within England (hall pay 
for fach licence • duty of 5/. ; and fuch licence (hall be re* 
Dewed annually before the end of the year, on pain of forfeit- 
ing, if a common diftiller, 200 /. ; if a molafs diftiller or rec- 
tifier, 30/.; 24 G. III. c. 41. No perfon (hall be deemed 
a redifier or compounder who (hall not have an entered (till 
capable of containing, excluftve of the head, 120 gallons; 
which (hall have fuitable tubs and worms, and be ufed for 
re&ifying Briti(h fpirits for fale, 26 G. III. c. 73. By 
19 G. III. c. 50. every fuch diftiller (hall caufe to be put 
up in large chara&ers, over the outward door of every place 
vied for making or keeping of Britilh made fpirits, the words 

Djjliller, Reffiflcr, or Compounder of Spirituous Liquors, on 
pain of too/.; and if ar,y ptri'on (hah buy any fuch fpirits 
of any perfon not having fuch words over his door, he 
(hall forfeit 50 /. By 21 G. III. «. 75, if any diltillrr or 
dealer (hall Buy any Britifh made fpiiiu (except, es in the 
former cafe, at the public laics of condemned fpirits by 
the commiflionrra of excifv) he Shall forfeit joo/. By 19 
G. III. c. 50, no perfon (hall be permitted to make en- 
try of any workhoufe or place, or of any ftih or uteufil for 
making, diddling, or keeping of low wines or fpirits, unlcfs 
he (hall occupy a tenement of 10 /. a year, afft (Ted in bis owu 
name, and paying the parilh rates: and by a 1 G. III. r, 35, 
in order to prev-rt private ditlillations, every perfon who 
(hall make or diftit any low wines or (pints, whetner for fs.lc 
or not fof fale, (lull be deemed a common diftiller for fale, 
and (hall enter his (lift and veflelsat the next office of excife; 
and every perfon making or keeping any waffi tit for diiiiha- 
tion, and having in his cuftody any ftill, (hall be deemed a 
common diftiller for fale, and be liable to the fevtral duties, 
and fubjed to the furvty of the officer. No common dif- 
tiller or maker of low wines, fpirits, or ftrong waters for fale, 
(hall fet up any tun, calk, walh-back, copper, dill or other 
veffel, for making or keeping any worts, wa(h, low wines, 
fpirits, or ftrong waters; nor alter nor enlarge the fame, nor 
have any of them private or concealed, or any private ware- 
houfe, cellar, &c. for making or keeping any the faid li- 


quor?, without fiift giving notice at the next office of excife, 
00 pain of 20 / ; and he in whofe occupation any of the 
fame (hall be, lhall forfeit 50 /.; 8 and 9 W. c. 19. And by 
24 G. II. c. 40. every diftiller lhall, 10 days before he dif- 
tils or makes any fpiritnous liquors, enter every veffel, &c. 
at the next office of excife; on pam of 50/. for every ftill or 
veftel ufed and not entered. And every diftiller (hall, four day# 
before he bepins to brew any grain, &c. make entry at the 
next excife office, of ail copper?, veffels, &c. infertuig in Inch 
entry the day on which he intends to begin, and the ufe to 
which fuch vt ffil is to be applied; which (hall not be altered 
on pain of forfeiting 100/. with the liquor, which may be 
feized by any officer of excife, 26 G. III. c, 73. And by 
21 G. III. c. 55, no perfon (hall make wfe of any veffel, 
room, &c. for making wafti for the diftillation of low wines 
and fpirits, without giving notice at the next office of excife, 
on pain of yo /. for every veffel, room, &c. ufed without 
notice. Nor (hall any perfon withdraw his entry whilft any 
duty is depending, or any veffels are Handing, except by 
changing it on the day of its being withdrawn, 23 G. Ill, 
c. 70., 26 G. III. c. 73. No perfon is allowed to have 
any ftill or number of dills, which fiugly or together con- 
tain ltfs than 100 gallons, under the penalty of 100/. for 
every ftill ; and the walh-ftill (hall contain at lead 400 gal- 
lons, exclusive of the head, under the fame penalty, 2 Geo. 111. 
c. 7. and 14 Geo. III. c. 73. 

Diftillers are to (hew to the officer every ftill or other vef- 
fel entered; and the veffels are to be marked by the gauger; 
and defacing the mark, or rubbing out, incurs a penalty of 20 l. 
1 6 Geo. if. c. 40. 

Diftillers who ufe private pipes, &c. for conveyance of 
diftilled liquor, forfeit 100/. 10 and 1 1 W. c. 4. They (hall 
alfo make holes in the bread of the ftill for taking gauges 
and famples, and provide locks 00 the ftill-headt, the hows, 
difcharge-cocks, and furnace-door, under a penalty of 50/. 
and of 200/. for breakiogor wilfully dimaging fuch lock 
or fattening, after it bat been fecured by the officer, 13 
Geo. III. c. 4& 14 Geo. Ill# c« 73 * 

The diftiller (hall provide proper ladders for the officer to 
examine each ftill, and affift u letting then up, on pain of 
* 00 /, 33 G, III, c. 70. 
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Diftiller* are required to give notice to the officer of ex- 
cife, before they receive any wine, cider, &c. or any kind of 
fermented wadi, on pain of 30/. and alfo before they charge 
or open the ft 11, expreffing and deferibing the number and 
marks of the w&fh-batcheti ufrcl ; and they are prohibited 
from charging the (till with any other, under a penalty of 
100/. 24G. II. c.40; 12G.Hl. 0.46; 14 G. ill. c. 73. 

Dilrllcrs, in preparing grift for wadi, that ufe more 
than in the proportion of one quarter of wheat to two 
quarters of any other grain, forfeit 50/. 33 G, II. c. 9. 

If any corn di Hiller, or maker of low wines or fpirits from 
corn or grain, (hall make ufe of any molafles, coarfe fugar, 
honey , or any compodtion or extract of fugar, in brewing or 
preparing his wafh for diftillaton, or receive fiich materials 
into his cullody. exceeding tolbs. in weight, he (halt forfeit 
loo/, j and officers may take famples of the wadi in any 
vefltl, paying for the fame at the rate of 1 s 6d. a gallon ; 
and if the d’ftiller (hall obftruft him, he (hall forfeit 10O /. 
23. G. III. c. 70. 

Officers are to attend at the ftill-houfe, after due notice, 
to fee that the wafh- Hills are properly filled, and when they 
are fully charged to lock and fecure them. And if any per- 
fon (hall open any dill-head, See. after they have been fo 
locked, and before they are opened by the officer of excife, 
or (hall wilfully damage any lock or fattening, he (hall for- 
feit 200 /. 12 G. III. c. 46. 

Removing or concealing wadi, See. in the pofftflion Of any 
diftillcr, incurs a forfeiture of the fame ; and fuch diftillcr, 
and the perfon employed to remove, or who (hall receive the 
fame, (hall feverally forfeit iox. for every gallon of it j and 
no wort, wadi, &c. (hall be put into the Hill, or removed 
from the back or veflel in which it was fermented, till the 
fame has been gauged ; in the penalty of 100 /. and double 
duty. 

The officer (hall every three months, if required, take an 
account of the dock of all diftillers and re&iners, and if any 
unfair increafe (hall be found, the fame (hall be forfeited, and 
may be lei zed ; and the perfoo in whofe ftock fuch ex- 
cefs (hall be found (hall forfeit 50/. Re&ifiers are to mark 
the ftrength and quality of mixed fpirits on theoutfide of the 
calk, and in default thereof, or if untruly 'marked, the 
fame (hall be forfeited, and alfo the cade*, and may be 
feized ; and the re&ificr (hall forfeit jo/. 26 G. III. c. 73. 

By 27 G. III. c. 31, made perpetual by 41 G. III. 
c. 97, it was enafted, that all fpirits fhould be deemed and 
taken to be of the ftrength indicated by Clarke 1 ! hydrome- 
ter, but by 43 G. III. c. 97. the lords of the treafury may 
difeontmue the ufe of this hydrometer, and direfi any other 
to be ufed in lieu of it. All 'Britifli fpirits of the third ex- 
tradion, or which have been twice diftflled from low wines, 
and had flavour communicated to them, (hall be deemed 

Britt (h brandy j” if no flavour has been communi- 
cated to them, the fame (hall be deemed ** reflified 
Britifli fpirits.” If of the fecond extra&ion, or once dif- 
tillcd from low wines, the fame (hall be deemed " raw 
Britifti fpirits.” And all Brittfh fpirits diftilled with juni- 
per berries, carraway feeds, anife feeds, or other feeds, or 
ingredients ufed in the compounding of fpirits, (hall be 
deemed “ Britiffi compounds.” Ana all Britifli fpirits of a 
greater ftrength than one to two over hydrometer proof, (hall 
be deemed " fpirits of wine.” Officers (hall take an account 
of the ftock of reaifiers and compounders every three 
months at lead, and if aay increafe of quantity, under certain 
limitations, be found, the quantity in excefs (hall be forfeited, 
and may 6e feized $ and fuch perfon (hall forfeit 50/. And 
if any Britifli fpirits or compounds are fent out of a greater 
ftrength than one in five under hydrometer proof, the fame 
Hull oe forfeited, and treble value, or jo/, in the whole \ 
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and the fame may be feized, with the cafkt and veffels coft» 
taining it. 30 G. III. c. 37. The diftiller (hall weekly 
make entry of all wafh by him ufed for the making of low 
wines and fpirits within each week, on pain of 10/.; and 
within a week after (hall pay off the duties, on pain of dou- 
ble duty. 19 G. III. c. 50. All permits for removing 
Britifli fpirits (hall correfpond with the requett notes, and 
delivered with fuch fpirits to the buyer, on the forfeiture of 
the fame to fuch buyer, and double the price including the 
duties : and fuch buyer may be admitted to prove, that fuck 
fpirits were delivered without a lawful permit : but no 
buyer (hall be allowed to avail himfelf of fuch forfeiture, 
unlefs complaint is made within fourteen days after the 
delivery of the fpirits. 26 G. III. c. 73. 

Retailers of ditlilled liquors, or fuch as fell the fame in left 
quantity than two gallons, mnft take out a licence, for which 
they are to pay annually a fum correfponding to tL.* rent of 
the premifes which they occupy j if the rent of fuch retailer 
be 15/. or upwards, ;/ 2x. 5 at 20/. and upwards, 5/. iox. ; at 
2 .{/. and upwards, 5/. i8x.; at 30/. or upwards, 6/. 6 s . ; at 
40/. or upwards, 61. 14/. j and at 50/. or upwards, 7 /. 2/. 
This licence, which is to be renewed annually, on the pe- 
nalty of 50 /., is to be granted only to thofe who keep 
taverns, vidualling-houfes, inns, coffec-houfes, or ale-houfes; 
who, within the limit* of the head office of excife in 
London, pay jo /. a year rent and pari(h rates, and in 
places where the occupiers are not rated ill. a years 
and who, in other parts of the kingdom, pay to church and 
poor. They mull firit be licenfcd to fell ale in the places 
where they dwell. 

By 16 G. II. c. 8. retailers of fpirituous liquors, without 
licence, were fubjed to a penalty of 10/.; and by 24 G. II. 
c. 40. all liquors found in the cuftody of fuch perfons, 
or within fix calendar months after convi&ion, were to be 
feized. And by ij G. III. c. 56, and 30 G. III. c. 38, 
fuch retailers are to forfeit 50/., fubje& to mitigation fo as 
not to be reduced below j/. Every perfon, who (hall re- 
tail lefs than two gallons, (hall enter his warehoufes, (hops, 
& c. and his fpirituous liquors, on pain of 20/. for every 
place, and 40/ . for every gallon not entered ; and alfo the 
liquors and cades. 9 G. II. c. 23. 30 G. III. c. 38. By 
19 G. III. c. 69. every importer or dealer in fpirituous 
liquors, (hall caufc to be painted, on a confpicuous part of 
the houfe, (hop, or cellar, &c. uftd by him, the words /iw- 
porter of, ox Dealer in, Spirituous Liquors , on pain of jo/. 
Any importer or dealer buying of a perfon, who has not 
thele words over the door of bis (hop, &c. (hall forfeit 100 /. 
Any perfon, who hath not made entry of his liquors, and 
who hath thefe words over hts door, mall forfeit 50/. No 
fpirituous liquors (hall be brought into a place of fair, 
without previous notice to the officer of excite, and leaving 
with him a certificate, exprefling that all the duties arc 
paid, the quantity and quality, the name of the feller, fee* 
on pain of forfeiting 20/., and alfo the liquor and caflcs. 
9 G. II. c. 23. Retailers (hall not increafe the quantity 
of their liquors, on pain of 40/. a gallon ; and the liquors 
fo mixed with water, or any other liquors, (hall be feized 
and forfeited. 9 G. II. c. 23. By 21 G* III. c. jj. the 
ftock increafed (hall be forfeited, a quantity equal to the 
increafed quantity (hail be feized by the officer, and the 
perfon offending (hall forfeit 20 /. The officer may, at all 
times, by day or night, enter into warehoufes, (hops, or 
other places, to take an account of the quantity and quali- 
ty; and if any retailer hinder the officer, he (hall forfeit jo/. 
9 G. II. c. 23. No licetifed retailer (hall have any (hare in 
a diftillery or re&ifying houfe, or be concerned in Inch 
trade, on pain of 200/. 26 G. III. c. 73 - 

HawVxt* of fpirituow liquor, io tec fi recta, fcc. .re 
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liable to a forfeiture of 10 /. 9 Geo. II. c. 23. 11 Geo.-II. 
c. 26. Perfons giving away fpirituous liquors, or pay- 
ing wages in them, (hall be deemed retailers. 9 Geo. II. 
c* 23. Keepers of gaols, workhoufes, &c. felling fpi- 
rituous liquors, or knowingly fuffering them to be fold, ex- 
cept fuch as are preferred by a phyfician, furgeon, or apo- 
thecary, forfeit for the firft offence tool, and for the fecond 
their office. Perfons bringing any fuch liquors into any 
place of that kind may be apprehended, and on conviftion 
committed to the houfe of correftioti or prifon for any time, 
not exceeding three months, unlefs they immediately pay a 
fine, not exceeding 10I. nor lefs than 10/. Debts for fpiritu* 
ous liquors cannot be recovered, unlefs they have been con- 
traded, or the liquors -delivered at one time to the value of 
30/. or upwards : and diftitlm knowingly felling or deliver- 
ing diftillcd liquors to unlicenfed retailers, forfeit 10/. and 
treble their value 5 and the retailer, convifting the diilillcr, 
is entitled to a (hare of the penalty, and is himfelf indem- 
nified. Perfons riotoufly rcfcuitig offenders, or affauiting 
informers, and their aiders or abettors, are guilty of felony, 
and liable to feven years’ tianfportation. 24 Geo. II. c. 40. 
If any perfon (hall obftruft any officer in the execution of 
his duty, in relation to this aft, he (hall forfeit 2:0 A 
23 Geo. III. c. 8t. No liquor exceeding onr gallon (hall be 
removed without a permit. 6 Geo. I. c. 2 r. Brinffi fptrit s 
taade from corn are allowed on exportation as merchandize, 
a bounty or drawback of 3/. 12/. per ton. 5 Geo. III. 
c. j. 27 Geo- III. c. 13. And by 6 Geo. II. c. 17. 
for fpirits drawn from Britifh corn, a drawback was to be 
allowed at the port of (hipping, of 4 i 18 s. per ton, in full 
of all drawbacks : and by 23 Geo. II. c. 9, there was to 
be an additional drawback of 24/. 10/. a ton, on all Britifh 
made fpirits exported ; provided that they are not exported 
ia ca(ka containing lefs than a hundred gallons, and in vtf- 
fels of lefs burden than a hundred tons, except to Africa 
and Newfoundland, whither they may be exported in any 
vtffels not lefs than Lventy tons. 6 Geo. Ill, c. 46. The 
43 Geo. II L c. 69, which confolidatcs the duties, &c. of 
excife, continues all advances, bounties, and drawbacks, w hich 
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are particularly direfted to be made by any aft or afts of 
parliament in force, on or immediately before 5th of July* 
1803, except fo far as fuch allowances may be varied or re- 
pealed by the faid aft. By 39 and 40 Geo. III. c. 73. fpirits 
drilled in England far exportation to Scotland,are exempted 
from the excife duties in England. And by 43 Geo. III. 
c. 69, for every gallon, Enghfh wine mcafure, of fpirits, not 
exceeding in ftrength that ol one to ten over hydrometer 
proof, and foin proportion for any higher degree of itrength', 
made in England and thence imported into Scotland, pay- 
ment is to be made by the importer before landing, of 4/. 5 
and by c. 8 1. an additional duty of 2/.: for every fuch gal- 
lon manufaftuird m Scotland and brought from thence into 
England, 5/. o\d. ; and by c. 81. an additional duty of 
3/. 5</. For every gallon of fuch fpirits of greater ftrength 
than one to ten over hydrometer proof, and not exceeding 
3/ per cent . over and above one to ten over hydrometer 
proof, 7/. and a furchargc. And all duties and draw- 
backs Undtr thefe afts (hall be proportionate to the aftual 
quantity. No fpirits (hall be fent from Scotland to Eng- 
land, or from England to Scotland by land, or in veffris of 
lefa than 70 tons burden, or in caftcs containing lefs than 
100 gallons, on forfeiture of the fame, together with cafks 
or package; and alfo the veffels, boats, horfes, cattle, and car- 
riages employed, which may be feized. 28 Geo. III. c. 46. 
And if any dillilier, rtttificr, compounder, or dealer in 
fpirits, or tervant belonging to any fuch perfott, (hail ob- 
Itruft any officer in the execution of thu aft, he {hall for- 
feit 200/. 

DISTILLERY, the art of diftilling brandy and other 
fpirits. This art was firft brought into Europe by the 
Moots of Spain about the year 1550: they learned it of 
the African Moors, who had it from the Egyptians; and 
the Egyptians are faid to have praftifed it in the reign of 
the emperor Diode (ian, though it was unknown to the 
ancient Greeks and Romans. Anderfon’s Hift. of Com- 
merce, vol. i. p. 83. Sec Fermentation, and Malt 
D'lfltllery . 



Docks 


Docks, probably from rcccptaculum, of * 

receive , are artificial bafons, or excavations, under different 
denominations, formed for the convenience of receiving mips, 
in rivers and harbours, for the purpofe of repairing, or tor 
loading and unloading their cargoes, out of the influence of 
the tide. They are conftru&ea of brick, ftone, or Umber ; 
with locks or flood-gates, pointed to or from the tide, to 
keep the water in or out, as the objeft and nature ot the 

docks require. . ,. 

Wet Docks are for the reception of (hips to he aflost while 
loading or unloading, with gates pointed from the tide, to 
keep the water in at low water. Locks are attached there- 
to, with doubie gates, for the more eafy admiflion and egre s 
of (hipping, without lofing more water than neceffary j an 
to aid the oneration of opening and (hutting thctc gates, 


lluices are made within the fame, to regulate the water 
within the locks, until the fame level is produced within 
as without, fo that the gates may open with facility. 

Dry Docks are of various kinds, 
i . Bafons, or docks open to the tide, are called dry docks, 
becaufe the veffels frequenting them ground at low water, 
and lie dry on the ebb tide, and float again on the next rife 
of the tide. They are ufed at Liverpool as entrances to 
the wet docks, ana are frequented by coafters, and tonsil 
or light veffels, thst do not injure by lving on the (hore. 

a. Graving Dock*, for repairing of (nips, are excavation# 
with flood-gates pointed towards the tide, to keep the wsttr 
out while (hips are under repair. Veffels are admitted at 
high water, and the gates aw (hut at low water } and when 
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the repairs are completed, the gates are again opened before 
the rife of the tide, and the veffel is on the flood hauled out 
of dock. In fome countries, where there is little or no tide, 
thefe docks are fo conftrudtcd, as to have the water within 
forced out by pumps, or other mechanical operations, as in 
Ruflia and other parts. 

In fome places, as at Portfmouth, floating gates are 
conftruAed, in the form of a veffel, with each end like the 
bow of a (hip, neatly fitted to the lock, and to work up or 
down a groove in the lock with the tide, by pumping water 
into, or out of the veffel, fuflicient to float or fink it, as oc- 
cafton might require. A veffel of this kind was alfo ufed at 
the London docks, to keep the water out while they were 
making. 

3 . Slips for the building of (hips, may be clafled under 
this head. They alfo are excavations, (loping and inclined 
towards the tide, well framed and floored with timber, &c. 
Ships, when built, are generally launched at fpring tides, 
by driving away the (hoars and props which fup ported them, 
when they are eafily launched from off the flips. 

Naval Docks. — Portfmouth, Plymouth, Chatham, Sheer- 
nefs, Woolwich, and Deptford, are the principal naval arfe- 
nals of Great Britain; where (hips of war of every description 
from (loops to (hips of the line of 130 guns, are built and 
repaired, and when finifhed are turned out of dock : other 
countries have fimilar eftablifhments. 

Commercial Docks . — The convenience and advantages of 
wet docks for the fecurity of (hipping and the difpatch of 
bufinefs are become obje&s of great attention in many 
countries for commercial purpofes. The adoption of them 
within this laft century has been no where more genet al than 
in Great Britain. The docks now made and making, at Lon- 
don, Liverpool, Hull, Briftol, Leith, &c. have contributed, 
and will greatly contribute (combined with 'our natural 
advantages) to the increafe of our commerce, wealth, 
and population. They have formed our great leading 
ports into depots, and have given, aided by the ex tendon of 
the bonding fyftem, great facilities to commerce by fufpend- 
ing, in many cafes, the payment of duties until goods are 
taken out for home conlumption. Docks, while giving pro- 
tection, convenience, and difpatch to commerce, (hipping, 
and revenue, happily link and unite, by means of rivers, roads, 
and canals, our foreign with our domeitic commerce. 

Liverpool Docks . — The port of Liverpool, from the bad- 
nef* of its harbour, the rapidity of the Merfc^r, and the drift- 
ing of its fands, was obliged, at an early period, to refort to 
docks : for this purpofe an ad was paffed in 1708. What 
necei&ty firft didated, has fince been one of the principal 
caufes of the town becoming, through the eaterprifing fpirit 
and induftry of its inhabitants, the fecond port in the 
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kingdom, for commerce, fine, and population. In the courfe 
of one century there have been cftablilhed within that port, 
five wet docks, three dry docks, and five graving docks, 
independent of the duke of Bridgewater's dock, for canal 
purpofes ; and a plan is now in execution for making two 
additional wet docks, and enlarging Queen's dock, which is 
propofed to be conneded with the Merfey by means of a 
new floating dock, and a dry harbour baton. Almoft all 
thefe docks are, more or lefe* encroachments on the banks 
of the river. 

By the ad paffed in 1708, authority was obtained to 
make the firft dock and bafon for the fecurity of (hipping 
and the loading and unloading of the fame. The manage- 
ment of the undertaking was invefted in the corporation 
for the term of 21 years, which gave for this purpofe four 
acres of land, and they were impowertd to borrow the fum of 
6000/. In 1717# the term was prolonged for 14 years, and 
they were authorized to borrow 4000/. more. In 1737, 
the term was further extended to 31 years, and powers 
given to make an additional dock, to build a pier in the 
open harbour, and to light the docks. The corporation on 
this occafion gave feven acres of land, and they were im- 
powered to borrow 6000/. In 1761, the commerce of 
Liverpool was fo much increafed, and its (hipping had 
become fo numerous, and fo enlarged in fize, that further 
accommodation was wanting. The term of the corporation’s 
management was again extended for 21 years, with powers 
to make 1 another dock, and to ere& a light-houfe for the 
benefit of the port 5 for thefe purpofes they were authorifed 
to borrow the fum of 25,000/., and to raife the further fum 
of 2000 /. on the light-houfe duties. In 1784, the powers of 
all the former ads were enlarged, and the term extended to 
41 years, with liberty to make two additional docks and 
piers, and to borrow for thiB purpofe 70,000 /. In 1 799 # 
an a£t was paffed to alter and enlarge the powers of former 
9&s, and to render the docks and the port more commo- 
dious and fafe 5 by which a further extenfion of term was 

g ranted for 30 years. The corporation again gave fome 
nds, and they were impowered to make two additional 
docks, and other docks ; with liberty to raife the fum of 
120,000 /., and to double the former tolls. 

Under the authority of thefe various a&s of parliament 
the ieveral docks have been conftru&ed, and it has been found 
that each fucceffive improvement, by affording additional 
convenience to foreign trade, has been followed by its increafe, 
and prepared the way for the further extenfion of this excel- 
lent fyftem of accommodation at future periods. The names 
and dimentions of the docks are as follows, and a plan is 
annexed on a fcale of double the fize of the plan of the docks 
for London. Sec Plate of Docks . 
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The fe wet deck* are all for {hip* from foreign voyage*, about 1 4,000 j that from the year j 700 to 1 79s It* Import* 
* Iri E™ 1 * tr * * or and other (mall and light had increafed from 47785,538/. to 12,0721674/. and its cx- 

vends. T here are five graving docks, which arc from 390 porta from 5*387,787 /. to 14,742,516/., it appears fur- 
to 490 feet long, and hold two or three vtflels for repair, at prizing that proper accommodations for its commerce fhou-Id 
a time. No. 9. The duke of Bridgewater has a dock at nave been fo long wanting. The It gal quays, which were 
Liverpool, conne&td with his canal concerns, calculated to only 1464 feet long, having remained the fame as at the time 
hold 42 canal flats, of 50 tons, fuch as No. lo in Plate of of the fire of London, in the year 1666, were, with the aid 
Docks . “ * — * “ * ‘ 


The docks are ftirrounded with convenient and fpacious 
warehoufe* for the reception of goods ; and a tobacco. ware* 
houfe capable of containing 7000 hogiheads. 

The feveral docks are conne&ed with each other by means 
of tunnels or fluices under ground, for the purpofe of fcour- 
ing them when they want cleanling. This is effefted by 
letting the water on from any one of them, and opening the 
fluices into it in different directions ; while a number of men 
with (hovels throw the mud into the currents, which is thus 
wafhed into the river, and in the courfe of about 12 or 14 
days the dock is fufficiently cleared. 

Accurate tide tables are kept, from which it appears that 
the life of the tide in the river is about 30 feet at fpring 
tides, at which times there are about 20 feet water at the 
Salt-houfe dock gates, and two feet more at the other dock 
gates. 

The corporation make all neceflary regulations relating to 
the docks ; and the accounts of the receipt and expenditure 
are annually examined and publifhed by commiilioners un- 
connected with the corporation. Ships are here difeharged 
by their own crews, but cooking on board is not permitted, 
and all lights mull be put out at dated hours. 

It cannot be doubted that the docks have greatly encou 


of the fufferance wharfs, totally inadequate to the increafe of 
its commerce. The inconveniences ariiing from the crowded 
(late of the Thames at all times, but particularly at thofe 
periods when (hips arrive in large fleets, were lopg felt and 
complained of by all the principal merchants j and from re* 
ference to the reports of committees, and other publications 
on the improvement of the port of London, it appears that 
different plans had been frequently fuggefted to extend the 
convenience of the legal quays both above and below London 
bridge. It was not, nowever, till the year 1793, that a plan 
was firft projt&ed for making wet docks for the port of 
London, in Wapping, the ifle of Dogs, and at Rotherhithe, 
and the preference intended to have been given, in the firft 
in dance, to Wapping, from its vicinity to the city, the feat 
of bufintfs, and to the cuftom -houfe ; one end of the fpot 
fixed upon being within a quarter of a mile of the Tower of 
London, and mie eaftern extremity of it about one mile* 
The plan of docks meeting with approbation and encourage- 
ment, they were circulated generally to all the great leading 
intereds in and out of parliament, and to all the principal 
perfons connc£ted with the commercial intered. 

In 1794, a general meeting of merchants was convened, to 
confider the great inconveniences of the port of London, 
arifing from the crowdtd date of the river, and the confined 


raged the increafe which has taken place in the trade of extent of the legal quays ; when a committee was appointed 
Liverpool, and by their future enlargement, or the formation to confider of the bed mode of relief, who took into confi* 
©f additional ones, the port will readily accommodate the deration all the plans which had been fucrgelted, when they 
future increafe of its commerce to any poflible extent. In approved oi the plan for making wet docks in Wapping with 
the year 1571, the inhabitants, addrefling queen Elizabeth, wharfs and warehoufes on their borders, as the molt cfledtual 
ftylcd the place the poor decayed town of Liverpool ; and in means of remedying the evils of the port. In confequcnce 
fa&, about that period it was only a little (idling town, having of this determination, Mr. Daniel Alexander, an ingenious 
XZ barks, whofe tonnage amounted to 223 tons, and which architedt and furveyor, who had been making great altera- 
em ployed only 75 men. In the year 1805, the number of tionsat Roclufter bridge, and who was converfant with opc- 


Britifli built (hips belonging to the port of Liverpool was 
7 41, and their tonnage amounted to 1 1 1*227 tons : the ton- 
nage of the (hips which entered the docks in that year was 
465,482 tons. 

Statement of the amount of the dock duties at different 


rations connected with the tide, was directed to make a fur- 
vey, and prepare plans and cflimates for forming docks at 
Wapping, with the addition' of a cut or canal leading to 
them, from that part of Blackwall where the prefent Eaft 
India docks have been made, and along a line where the Weft 
India docks have been fince formed. The plans and cflimates 
were laid before a general meeting of merchants on 2 2d De- 
cember, 1795, when they were unanimoufly approved, and a 
fubfeription of 800,000 /. was filled io a few hours, for car- 
rying the fame into execution. A committee was appointed 
to make application to parliament, who prefented a petition 
in January 1796, which was referred to a feledt committee of 
the houfe of commons, who were directed “ to enquire into 
the beft mode of providing fuflicient accommodation for the 
increafed trade and (hipping of the port of London.” 

The application of the merchants experienced great oppo* 
fltion both from the corporation of the city of London and 
from private intereds ; and a great variety of plans and pro- 
jects were brought forward for the extenfion of the legal 
quays above and below the bridge, and the improvement of 
the river, with or without docks. This caufed much delay, 

but the neceflity of providing fome additional accommoda- 

The tonnage of the Ihip* which entered the dock* in the tion for the increafing multitude of (hip* which filled the 
•ear ending Lth June 1808, amounted to 516,8315 tone. river became every day more evident j and, upon a com. 
7 L o ndon —When it is confidered that the port of London parifqn of the vanou* plan* for making dock* m different 

■»■!«* .bout three-fifth* of the commerce of the whole fituation*, it waa generally admitted, that wet dock* might 

kingdom, that it ha* frequently riding within it from 1300 be formed in vanou* fituation* at a much Ms expence 

to 1400 (ail of vcifelt at a time, and in the courfe of the year than oa the fpot fixed npon for the London dock* at Wap. 
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ping, but that the fituation of the latter, from its vicinity to 
the ftat of commerce, would much more than counterbalance 
the additional cxpencc of their formation. Through the 
great exertions and perfeverance of Wiliam Vaughan, ef- 
quire, affifted by other highly refpcftable mercantile charac- 
ters, the various obftacleB to the plan of the London docks 
were fucccflively overcome, and in Auguft 1798, the fub- 
feribers gave notice, , that in the enfuing ftflion of parliament 
they meant to rmew their application for forming docks at 
W*ipping» and in December following they petitioned for 
leave to bring in a bill for this purpoft. A few days after a 
petition was printed by the corporation of London, with a 
view to fimilar objefts, and by making a navigable canal or 
adage acrofs the ifle of Dogs from Blsckwnll to Lime- 
oufe, pwrchafmg the mooring-chains in the river, which 
were moltly private property, and appointing harbeur-maf- 
ters to regulate the navigating and mooring of veffels in the 
port ; they alfo propoftd to make wet docks in fome part of 
the ifle of Dogs for the reception and difeharge of Well In- 
dia (hipping. The latter part of the plr.n had however been 
taken up by a number of Well India merchants and planters, 
who had formed themfelves into a company di Hindi from the 
fubferibers to the London docks, for the purpofe of forming 
docks for the reception of the Well India trsde only, cither 
alone, or in conjuti&ion. with the other improvements pro- 
je&ed by the corporation. The general conviction of the 
neccffity of fome meafnre of this kind was not fufficient to 
produce a union of iuUrcfts in favour of cither of the pro- 
poftd plans j at length the committee of the houfc of com- 
mons made a report, recommending the formation of wet 
docks as the only remedy for the cviU of the port, and that 
they Ihouldbe made both at Wapping and the ifle of Dogs, 
but that the latter ihou.d be adopted fit ft. 

The corporation of London and the Well India mer- 
chants forming a jtmftion, the aft for making the Wdl In - 
dia docks pafled in July 1799. In the next ftflion, on the 
«oth June 1800, an aft was pafled for forming the docks at 
Wapping, and another aft ha* fince been paired for making 
docks at Blackwall for the Eaft India trade. Theft ftvcral 
undertakings, all anting out of the original project of the 
London doiks have beers fince carried into execution, to the 
great convenience of the commerce of the port of London, 
and the permanent benefit of the fubferibtrs, by whom the 
large fums neccffary for atcompiifhing them were advanced. 
For fome pauiculais of the progrefs of their formation, i.c 
Thames river, under the article Canals. 

JVeJl India Docks . — The aft for eftablifhing the Wtft India 
Dock Company, was puffed 12th July 1799. Their origi- 
lial capital was 300,000/., which they were impowered to 
incresl? to 600,000/. This capital was, however, found in- 
fufficient for completing the undertaking, and in 1802 the 
company were authorifed to add 200 000/. to it, making 
their capital 800,000/. which has been fince increafed to 
1,200,000/. The dividends to be paid thereon to the fub- 
fenbers, are not to exceed 10 per cent, per annum t to which 
rate they have already attained. 

The concerns of the company are under the management 
of twenty -one diredors, eight of whom are choftn by the 
corporation of London, four of them being aldermeo, and 
four common-council men. 

The works were begun 2d February 1800, and the fiift 
(hip entered the homeward-bound dock on 27th Augutt 
2802. The homeward-bound dock, fee Plate N .jig. B. 1. 
which is 2600 feet long, and 500 feet broad, is ettimated 
capable of holding 300 fail of vtffela of 300 tons and up- 
wards each. The outward-bound dock, B a, is 2600 feet long, 
*nd 400 feet broad. They both communicate by means of 
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locks at the end (next Blackwall) with a bafon of about 
fix acres, with (loping banks, which is conneded with the 
river by the entrance lock; and at the end next Limehouft, 
where there is another baton of about two acres, built of 
brick, through which all veffels go out, which have occafion 
to e o into the river to repair. The two docks are feparated 
and furrounded by ftrong walls. 

The ufe of theft docks is limited to the Weft India trade 
for 21 year*. The company take the (hips under their foie 
direftion, of unloading and management from the moment 
they enter the docks, difeharging the fame by their own 
fervant3 } when the crews are difmiffcd, and neither cooking 
nor residence allowed on board any of the veffels while 
they remain in the homeward-bound docks, the gates of 
which aae (hut every evening at dated hours. A military 
guard is ftationed without the docks day and night. The 
diftance froni theftandard in CornhiP, to the neared dock 
gates, is rather more than three miles, and to the further 
extremity of the dock wall, about half a mile more ; a con- 
fiderable expence of cartage is unavoidably incurred, by the 
(hips difeharging at this diftance, but there is an excellent 
road both to thefe docks, and to the Eaft India docks. 

Both the docks and warehoufts are handfome and fpa- 
cious, the whole forming a noble and interefting objeft*. 
which muft imprefs every one with an idea of the vaft mag- 
nitude of the branch of commerce, to which they are ap- 
propriated. The warehouftB on the north and wtft Tides, 
are ten in number, with partition walls up to, but not through 
the roof, and are capable of containing 8000 hogfheads of 
fugar each ; on tht fouth fide are extenlive warehoufts 
for rum. The docks were planned and execcuted by Wil- 
1 -arn Jcflbp, tfq. civil engineer, and the warehoufts by Mr. 
Gwylt, furveyorand architeft. 

Under the Weil India dock aft, the corporation of 
London were empowered to make a canal from L mthoufc 
to Blackwall, of about three quarters of a mile in length, 
to five the navigation round the Ifle of Dogs, which Ins 
been completed, and may probably at fome future period 
be convened into a dock. See Plate of Docks , fig. D. 

London Docks* —The aft for eflablifhii g this company 
was p&ff-d 20th June /800. Their original capital flock 
was i,2C0 000/., and they were authoriftd to bo* row, at 
intereft, the further fum cf 300,000/.; but a larger capital 
bting found nectflary for completing the undertaking, they 
applied to parliament, in 1804, for leave to augment their 
capital flock by 500,000/. 5 and having fince obtained another 
aft for the liberty of raifing a further fum of 500,000/., the 
total capital (lock the company are now authoriftd to raife, 
if it (ball be found neccffary, is 2,200,000/. The dividends 
to be paid thereon to the fubferibers, are limited to to per 
cent, per annum . The management is veiled in 24 dirtftore, 
ckfted annually, of whom the lord mayor is one. 

The original plan of theft docks (with the canal, which 
had been abandoned) was fubmitted by the diredors to the 
confederation of four civil engineers of the fiift eminence 
and refpeftability, viz. Mtffrs. Robert Mylne, John Rennie, 
Jofcph Huddart, and William Chapman, and underwent fome 
alterations by them. The dock and bafon, as altered by 
them, were then executed under the dirtftion of Mr. Rennie, 
and the warehoufts and wall by Mr. Alcxandtr. 

The dock, bafon, and warehoufts, which are compleated, 
are of brick and done, are well detig ned, in a chafte and 
grand ftyle, and happily executed, prrducing a noble effeft. 
The length of the dock, as in Plate of Docks, jig. A. 2. is 1260 
feet long, and 690 feet broad, containing 20 acres, and the 
bafon marked A. 2. at three acres, and the whole capable of 
containing about ajo (hips of 300 tons burthen and upwards. 
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In the aA a power was preserved to make a fccond dock and 
bafon to the eastward, with an entrance at Shadweli, con- 
taining an area of 14 acres, as denoted in the plan marked 
A 3 and 4. There are at prefent, on the north fide of the 
dock, five (tacks of warchoufes furnifiied with party and 
crofs fub-divifionary walls through the roofs, as a further 
rotedfion agr.inft nre. On the fcuth fide are other ware- 
oufe*, befides vacant fpac's left in different parts of the 
primifcs for additional warehoufes. On the raft fide is the 
tobacco warehoufe, planned to contain 24,000 hogfheads 
of tobacco, and fpacious arched vaults underneath for wine 
and tobacco. The latter are now wholly appropriated to 
wine, and hold many thoufand pipes. The whole building 
Hands upon an area of near five acres, covering more ground, 
under one roof, than any public building or undertaking, 
except the pyramids of Egypt* It& roof is light, airy, and 
iirnplc, and adds greatly to the beauty and boldnefs of the 
defign, and Hands unrivalled in architectural buildings of its 
kind. 

The company was required to complete the docks wiihin 
feven years, which was afterwards extended to twelve years. 
On the 24th January 1805, they gave notice, by advertife- 
ment, that the bafon at Bel -dock, and the dock communi- 
cating therewith, and alfo part of the warehoufes, vaults, 
and quays, were ready for the reception of (hips and landing 
their cargoer, in confequence of which the dock was 
opened for public ufe in the following week. 

All (hips laden with wine, brandy, geneva, and other 
fpirits, tobacco, and rice, muff unload in thefe docks for 
the term of twenty -one years ; with ail other veffels the ufe 
of the docks is optional, excepting thofe from the Eaft and 
Welt Indies. The (hips difeharge their cargoes under the 
company’s cranes, by their own crews. In thefe docks, 
cooking and refidence on board arc allowed, but no lights 
are permitted after certain hours. The whole is furrounded 
by a wall, the gates of which are (hut at dated hours. 

There is a neat fwivel caff-iron bridge over the entrance 
lock at Wappir g, and an excellent double fteano-engine 
ere&ed, which was ufed while the docks were making, to 
carry off the water 5 it is not now worked. 

The rife of the tide at the entrance lock of the bafon, 
is four feet lower than the dock itfclf. 

Eajl India Docks ,— The aa for eftablifhing the Company 
j>affed 27th July 1803. Their original capital wai 200,000/. 
divided into (hares of 100/. each ; and they were authorized 
to inercafe the capital to 300,000/. if it fhould be found 
neceffary. In 1806 they were impowered to add 100,000 /, 
mo*-** u/their capital, making with the former fum 400,000/., 
nearly the whole of which has been raifed. Iht dividends 
to be paid thereon to the fubferibers, are, as in the two pre- 
ceding companies, limited to 10 percent, per annum* 1 he 
concern is under the management of 13 directors, who 
muff be holders of at leali 20 (hares of the company’s ffock, 
and four of them matt be dire&ors of the Eatt India com- 
pany. 

The firft ftonc of thefe docks was laid in March 1803, 
and the fi»ft (hip entered them in Auguff i8c6. The di- 
mcnfions of the dock for unloading inwards are 1410 feet in 
length, and 560 feet in width, containing about i8£ acres: 
the dock for loading outwards, which was a part of Mr. 
Perry’s dock, is 780 feet in length, and 520 feet in width, 
containing 9J acres. The extent of the entrance balon, 
which conn-dts them with the river, is 2f acres ; the length 
of the entrance lock 210 feet, the wjdth of the gates 48 feet 
in the clear, and the depth of water at ordinary fpring- tides 
24 feet. See Plate N. C. x. 2. 
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Thefe docks are appropriated folely to the reception of 
Eaft India flapping, and the company undertake to deliver 
the whole of the cargoes. No cooking, fire, or refidence on 
board, are permitted in thefe docks, the gates of which are 
(hut every af'ernoon at four o’clock. The diffance from the 
Eaft India warehoufes being about four miles, the goods are 
conveyed thither in caravans of a particular conftruAipn, by 
an excellent road, towards the formation of which io,ouo/. 
was conti ibuted by the corrpiny. 

Perrys Dock at Black wall, and Greenland Dock on the op- 
polite tide of the river, were private property, having been 
formed by entcrprifing individuals, long before any public 
accommodation of this kind txifted in the port of London. 
The firft now forms one of the Enft India docks ; and 
Greenland dock, hitherto appropriated to the purpofes of 
the whale fcfhery, has likewife been purchafcd by a com« 
pany. 

The Surrey canal company have a dock at the entrance 
of their canal for fmall vtffels, and have raifed a confiderablc 
capital. 

It affords a ft t iking proof of the wealth and profperity of 
the city of London to find, that in the courfe of about ten 
years, there has been expended a capital of between four and 
five millions in thtfe great undertakings for providing accom- 
modation and fecurity to its (hipping and commerce. 

Hull Dock , is fituated on the Humber, and was formed 
under the authority of an a& paffed in 1774. It is about 
480 yards long, and 88 yards wide, containing nearly 10 
acre9, and will accommodate about 130 vtffels at a time. 
The original capital of the company confifted of 120 (hares, 
which have fince been increafed to 180 (hares. It has been 
a mod profitable concern to the fubfcribcr9, as they have 
ufually made a large dividend ; this, however, has varied very 
confiderably : in the year 1806 they divided 72 /. 10 d, 

per (hare ; but in 1807, after having admitted 25 new (hares, 
the dividend was only 49/. 9 s. 1 d. ptr (hare. The forma- 
tion of another dock, with other improvements, has been 
undertaken. 

BrifloL — Briftol, with a large trade carried on in an 
inconvenient harbour from the great height of its tides, has, 
at length, undertaken an extenfive plan, according to which 
a very capacious wet dock is to be formed by damming up 
the river Avon for about two miles of its length, and turning 
the river into a new cut which has been formed to receive it. 

Other ports, fuch as Lancafter, Grimfby, Dover, and Mar- 
gate, & c. have their docks or piers for the fafety and 
accommodation of the (hipping frequenting them. 

At Leith , in Scotland, a large range of docks are making 
on an exter.five fcale, which are to be capable of receiving 
the men of war which may frequent that part of the coaft, 
the old harbour having been found very inadequate; one of 
the docks is already completed, and a dry dock is nearly fo. 
From Leith being wirtun one mile of Edinburgh, and the 
fpirit of improvement prevailing in Scotland, there if every 
probability of thefe docks and the intended inclofed harbour 
being executed on an extenfive and judicious plaH, and be* 
coming of much public utility. 

On the continent, fevcial poits, fuch as Havre, Offend, 
&c. have wtt docks on an extenfive fcale, under various re- 
gulations. 

Dock -Yards % are magazines of all forts of naval ftore, and 
timber for (hip budding ; the royal dock-yards in England, 
are thofe at Chatham, Portfinouth, Plymouth, Woolwich, 
Deptford, and Shccrneffl. In timer of peace, (hips of war 
are laid up in thefe docks, thofe of the firft rates moiily at 
Chatham, where, and at other yards, they receive, from 
time to time, fuch repairs as are ntccffary. 
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TWe yards ire generally Tupptied from the northern 
crowns, with hemp, pitch, tar, rolin, canvas, oak*plank, and 
fcveral other fpecics. But as for malls, particularly thole 
of the largcft fize, they have been ufually brought from 
New England. 

Th" principal dock-yards are governed by a eommiflioner, 
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redden t at the port, who fnperintends all the mufters of 
the offictrs, artificers and labourers, employed in the dock- 
yard and ordinary. He alfo controula their payments ; ex- 
amines the accounts ; contrads and draws bills on the navy- 
office t'» fupply the deficiency of ftorcs, and regulates what- 
ever belongs to the yard, maintaining due order in the refpeft- 
hre offices. 



yi.Thc Sca/c it dnvblr' of that t>f London. 









Draught 


DRAUGHT, in jfrcbiieffure, is the reprefentation of a 
building delineated on paper, explaining the various parts 
of the exterior and interior by means of plans, elevations, 
and fe&ions drawn to a fcale, by which all the parts are re- 
prefer ted on a plane in the fame proportions of the different 
lides of the intended edifice, or, at lead, the proportions 
may be afeertainrd front thefe drawings. The extent of 
the building, with regard to its horizontal dimcnfions, is 
afeertained by means or plans. The dimvnfiona of the verti- 
cal faces are generally obtained by the elevations and fee. 
tions, and always when the plane of delineation is parallel to 
thefe faces. The vertical dimenfions of buildings, upon cir- 
cular and polygonal plans, mutt be found partly from the 
plans, and partly from the elevations or fe&ions. Over and 
above general plans, elevations, and fe&ions in complex build- 
ings, a let of drawings, (hewing the detail of the fmaller parts, 
will be nect flary. 

Befidea thefe drawings, which are ufed in the conducing 
of the work, perfpe&ive reprefentations for the ufe of the 
proprietor will alfo be neceiury, in order that he may form 
a juft idea of the edifice which he intends to rear in one or 
more points of view. 

When the feveral ftories of a building differ in their con* 
ftru&ion, each ftory requires a feparate plan. The fe&ion 
is generally taken, parallel to one of the lides of the edifice, 
through the moft complex part of it. In this the ftair-?afe 
is commonly (hewn, Moft buildings require, at leaft, two 
fedions \ feme many more. When the lides of a building 
are diffimilar, as many elevations will be required as there 
are (ides. 

The number, the form, and the difpofitiont of rooms, are 
(hewn by the plans. 


He who gives the feveral defigns of a building ought to 
be well acquainted with ttte nature of its fabrication, or of 
con/truftion in general, before he commits his ideas to paper, 
and to the examination of the public, or otherwife he will be 
liable to cenfure, 

DaAUGHT-/for£. SeeHoRSK. 

Draught, in Mechanics, the force or power neceffary to 
move any machine, as a horfe-roill, waggon, cart, plough, 
dec. For accurately and conveniently afeertaining the draught 
of (or power exerted by ) horfes, oxen, men, dec. in draw- 
ing, as alfo for determining the direft pull or (train on any 
rope, chain, dec., various machines nave been invented, 
fome of which we propofc to deferibe under the article Dy- 
namometer, which fee. 

Draught, in Medicine. See Potion. 

Draught, in Painting, 5tc. See Design. 

Draught, in Trade, is an allowance made in the weight 
of commodities \ the fame as dough. 

Draught, is alfo ufed fometimes for a bill of exchange, 
and commonly for an order for the payment of any fum of 
money, due, dec. Then the perlbn who gives the order ia 
faid to draw upon the other. 

Draught, rtduQion of a. See Reduction, and Fin* 

TAGtAPH. 

Okkv gut -Compajfes, thofe provided with feveral move- 
able points, to draw fine draughts is architc&ure, &c* Sec 
Compass. • 

Draught and Cording of Loo/ns, lignites, among Weavers, 
the art of adapting thofe parts of a bom which mote the warp, 
to the formation of various kinds of ornamental figures upon 
doth* In every fbccits of weaving, whether direct or 
crofs, the whole difference of pattern or effeA is produced, 
either by the fucccffion in which the threads of warp are in- 
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troduced Into the heddies, or by t be fucceflion in which 
thofe heddies rre moved in the working. The heddies be- 
ing it retched between two (hafts of wood, all the hcddles 
conneXed by the fame (hafts are called a leaf, and as the 
operation of introducing the warp into any number of leaves 
is ch*H1 drawing a warp, the plan of frcceffion is called 
the draught. When this operation has been performed cor- 
reaiy, the next pirt of the weaver’s bufinef 3 is to conned 
the different leaves with the levers or treadles by which they 
arc to be moved, fo that one or more may be raffed or funic 
by every treddle fucctflmly, as may be required to effedt the 

f >attern required. Thefe connexions bring made by coup- 
ing the different parts of the apparatus by cords, this opera- 
tion is called the cording In order to dircX the operator in 
tb s part of his bufintfa, efpeciatly if previoufly unacquainted 
with the particular pattern upon which he is employed, plans 
are dtawn upon paper, fpecimers of which wdl be found 
in Plate XII. Mifcellany . Thefe plans are horizontal lec- 

tions of a loom, the hcddles being represented acroft the pa- 
per at A; and the treddles- under them, and eroding them 
at ri/ht angles at B. In figs, i and 2, they are re prefer, ted 
as diftinX pieces of wood, thofeacrofs being the under (haft 
of each leaf of hcddltr, and thofe at the left hand the tred- 
dhs. In aXual weaving, the treddlcs are placed at right- 
angles to the hcv’dle?, the finking cords defending perpen- 
dicularly, as nearly as poffible, to the centre of the latter. 
Placing them at the left hand therefore, is only for ready in- 
fpeXton, and for praXicai convcn’cncr. At C, a few threads 
of warp are (hewn a3 they pafs through the heddies, and the 
marks denote the leaf with which each thread is omncXed. 
Thus in Jig. 1, the right-hand thread, next to A, paflea 
through the eye of a heddle upon the back leaf, and is dif- 
conncXed with all the other leaves ; the next thread pafles 
through a heddle 011 the fecond leaf $ the third through the 
third leaf ; the fourth through the fourth leaf, and the fifth 
through the fifth or front leaf. One fet of the draught be- 
ing now compleatcd, the weaver again begins with tnc back 
leaf, and proceeds in the fame fucceflion again to the front. 
Two fets of the draught are reorefented in this figure, and 
the fame fucceflion, it is under (land by weavers, (who fel- 
dom draw more than one fet,) muft be repeated until all the 
warp is included. When they proceed to apply the cords, 
the left hand part of the plan at B ferves as a guide. In 
all the plans upon this plate, excepting one which (hall be 
noticed, a connexion muft be formed by cording between 
every leaf of heddics and every treddle } for all the leaves 
muft either rife or link. The railing motion is effeXed by 
coupling the leaf to one end of its correfpondent top lever ; 
the other end of this lever is tied to the long march below, 
and this to the treddle. The finking connexion is carried 
direXiy from under the leaf to the treddle. To direX a 
weaver which of thefe connexions is to be formed with each 
treddle, a black fpot is placed when a leaf is to be raifed, 
where the leaf and treddle interfeX each other upon the 
plan, and the finking connexions are left blank* For ex- 
ample, to cord the treddle 1. To the back leaf put a raff- 
ing cord, and to each of the other four finking cords. For 
the treddle 2, raife the fecond leaf, and fink the remaining 
four, and fo of the reft 5 the fpot always denoting the leaf 
or leaves to he raifed. The figs. .1 acd 2 are drawn for the 
purpofe of rendering the general principle of this kind of 
plans, familiar to thofe who have not been previoufly ac- 
quainted .with them ; but thofe, who have been accuftomed 
to manufaXure and weave ornamented cloths, never confume 
time by reprefenting either heddies or treddles as folid or 
diftinX bodies. They content themfeives with ruling a 
number of .lines acrofe a piece of paper, fufficient to make 
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the intervals between thefe lines reprefent the number of 
leaves required. Upon thrfc intervals, they merely mark 
the fucceflion of the draught, without producing every line 
to referable a thread of warp. At the left-hand they draw 
as many lines acrofs the former as will afford an interval for 
each trcddle, and in the fquares, produced by the inter# 
fcX:ons of thefe lines, they place the dots, (pots, or cy- 
phers, which denote the raffing cords. It is alfo common 
to continue the crrfe hncs, which denote the treddles a con- 
fidcrablq length beyond the ii.terfeXions, and to mark, by 
dots, placed diagonally in the intervals, the order or fucref- 
fion in which the treddles are to he preffed down in weaving. 
The former of thefe mod;.s Ir.s been adopted in the remain- 
ing plan, upon the plate, but to fave room the latter has 
been avoided, and the fucceflion marked by the order of the 
figures under the intervals which denote the treddles. 

So r.e explanation of *he various kinds of fanciful cloths, 
reprefented by thrfe plans, may ferve further to illuftrate 
this fubjeX, which is, perhaps, the molt important 
of any conneXcd with the manufaXure of cloth, and will 
alfo enable a perfon, who thoroughly ft udiea thim, 
readily to acquire a competent knowledge of the other vari- 
eties in weaving, which are boundlcfs. Figs. 1 and 2 re- 
preftnt the draught and cording of the two varieties of 
tweeied cloth wrought with five leaves of heddies. The firft 
is the regular or run tweel, which, as every leaf rifts in re- 
gular fucccffion, while therell are funk, interweaves the warp 
and woof only at every fifth interval, and as the fucceflion 
is uniform, the cloth, when woven, preftnts the appearance of 
parallel diagonal lines, at an angle of about 45° over the 
whole furface. When there is no other figure upon the 
cloth, and the fabric is fine, this produces a very pleafing 
cffcX, and is much ufed, cfpecially in the manufaXure of 
lilks of various deferiptious. Tweeling is alfo much em- 
ployed in the coarfer descriptions of cloths made from every 
kind of material employed in the manufaXure. In the li- 
nen, it is ufed for Iheeting and many other kinds of houfe- 
hold cloths which require durability. Many of the ftronger 
kinds of woollen cloths are alfo tweeied. Goods are manu- 
faXured in very great variety in Lancalhire from cotton, and 
many kinds of fanciful tweeling introduced. A tweel may- 
have the regularity of its diagonal lines broken, by applying 
the cording as in fig. 2. It will be obferved, that in both 
figures the draught of the warp is precifely the fame, and 
that the whole difference of the two plans confifts in the order 
of placing the fpots denoting the raffing cords, the firft 
being regular and fucceflive, the fecond alternate. 

Figs . 3 and 4 are the regular and broken tweels which 
may be produced with eight leaves. This properly is the 
tweel denominated fattin in the filk manufaXure, although 
many webs of filk, wrought with only five leaves, receive 
that appellation. Some of the fineft Florentine iilka are 
tweeied with fixtecn leaves. When the broken tweel of 
eight leaves is tffed, the tffeX is much fuperior to what could 
be produced by a fmaller number, for in this two leaves are 
paffed in every interval, which gives a much nearer refem- 
blance to plain cloth than the others. For this rcafon it is 
preferred in weaving the fineft damafles. The draught of the 
eight leaf tweel dtffer 3 in nothing from the others, except- 
ing in the number of leaves. The difference of the cording 
(n the broken tweel will appear by infpeXing the cyphers 
which mark the raffing cords, and comparing them with thofe 
of the broken tweel of five leaves. Fig. 5. reprefenta the 
draught and cording of ftriped dimity of a tweel of five leave*. 
This is the moft ample fpecies of fanciful tweeling. It 
confifts of ten leaves, or double the number of the common 
twceL Thefe ten leaves arc moved by only five treddles in 
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the fame manner as a common tweel. The ft ripe is formed 
by one fet of the leaves flufiling the warp, and the other fet 
the woof. The Jig. in the Plate reprefents a ftripe formed 
by ten threads, alternately drawn through each of the two fets 
of leaves. In this cafe, the ftripe and the intervals will be 
equally broad, and what is the ftripe upon one fide of the 
cloth, will be the interval upon the other, and vice verjd. 
But great variety of patterns may be introduced by drawing 
the warp in greater or fmaller portions through either fet. 
The tweel is of the regular kind, but may be broken, by 
placing the cording as in Jig. 2. It will be obferved that 
the cording marks of the lower or front leaves, are exa&ly 
the convene of the other fet ; for where a raifing mark is 
placed upon one, it is marked for (inking in the other ; that 
is to fay, the mark is omitted ; and all leaves which fink in 
the one, are marked for raifing in the other: thus one thread 
rifea in fucceilion in the back fet and four fink, but in the 
front fet four rife and only one fink9. The woof, of courfe, 
paffing over the four funk threads, and under the raifed one, 
in the firft in fiance, is fiuihed above ; but where the reverfe 
takes place, as in the fecond, it is fluftied below, and thus 
the appearance of a ftripe is formed. The analogy fubfill- 
ing between ilriped dimity and dornock is fo great, that 
before noticing the plan for fancy dimity, it may be proper 
to allude to the dornock, the plan of which is reprefented by 
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The draught of dornock is precifely the fame, in every 
refped, with that of Ilriped dimity. It alfo confills of two 
fets of tweeling heddles, whether three, four, or five leaves, 
are uf d for each fet. The left hand fet of treddles is alfo 
corded exactly in the fame way, as will appear by compar- 
ing them. But, an the dimity is a continued ftripe from the 
beginning to the end of the web, only five treddles are re- 
quired to move ten leaves. The dornock, being checker- 
work, the weaver mull pofiefs the power of revernng this at 
pleafure. He therefore adds five more treddles, the cording 
of which is exactly the reverfe of the former; that is to fay, 
the back leaves in the former cafe having one leaf raifed and 
four funk, have, by working with thefc additional treddles, 
one leaf funk and four leaves raifed. The front leaves are 
in the fame manner reverfed, and the mounting is compleat. 
So long as the weaver continues to work with either fet, a 
ftripe will be formed as in the dimity, but when he changes 
his feet from one fet to the other, the whole effect is reverfed, 
and the checkers formed. The dornock pattern upon the 
defign paper, Plate A, may be thus explained : let every 
fquare of the dtfign reprefent five threads upon either fet of 
heddles, which are faid by weavers to be once over the 
draught, fuppofmg the tweel to be one of five leaves : draw 
three parallel lines, as under, to form two intervals, each 
repiefenting one of the fets : the draught will then be as 
follows : — 


The above is cxaftly fo much of the pattern as is there laid 
down, to (hew its appearance, but one whole range of the 
attern is compleated by the figure i neareit to the right 
and upon thle lower interval between the lines, and the re- 
maining figures ntarcr-to the right form the beginning of a 
fecond range or fet. Tncfe are to be repeated in the fame 
way acrofs the whole warp. The lower interval reprefents 
the five front leaves ; the upper interval the five back ones. 
The firft figure 4 denotes that five threads are to be fuccef- 
fivety draw n upon the back leaves, and this operation repeat- 
ed four times* The firft figure 4 in the lower interval ex« 
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preffes that the fame is to be done upon the front leaves, and 
each figure, by its diagonal pofitioo, (hews how often, and 
in what fucceffion five threads are to be drawn upon the 
leaves, which the interval in which it is placed reprefents. 

Dornocks of more extenfive patterns are fometimes woven 
with 3, 4, 5, and even 6 fets of leaves ; but after the leaves 
exceed in number, they both occupy an inconvenient 
fpace, and are very unwieldy to work. For thtfe reafona 
the diaper harnefs is in almoft every inftance preferred. 

Fig. 7, reprefents the draught and cording of a fanciful 
fpecies of dimity, which has beeti manufactured to great 
extent, although the prevalent tafte for fimplicity of pattern 
of the prefent day has rendered it lefs an objeft of demand 
than formerly. In this plan it will be obferved, that the 
warp is not drawn dire&ly from the back to the front leaf 
as in the former examples, but when it has arrived at either 
external leaf, the draught is reverfed, and returns gradually 
to the other. The fame draught is frequently ufed in 
tweeling, when it is wifhed that the diagonal hncs (hould 
appear upon the cloth in a zig-zag dire&ion. This plan ex- 
hibits the draught and cording, which will produce the pat- 
tern upon the defign paper in Plate A. Were all the fquarea 
produced by the interfe&ion of the lines denoting the leaves 
and treddles, where the raifed dots are placed, filled tho fame 
as on the defign, they would produce the effe£l of exaflly 
one-fourth of that pattern. This is caufed by the reverfing 
of the draught, which gives the other fide reverfed as on the 
defign. and when all the treddles, from 1 to j 6, have been 
fuccefiivtly ufed in the working, one-half of the pattern 
will be complete. The weaver then goes again over his 
treddles in the reverfed order of the numbers, from 17 to 30, 
when the other half of the pattern will be completed. From 
this fimilarity of the cording to the dtfign, it is eafy, when 
a defign is given, to make out the draught and cording pro- 
per to work it, and when the cording is given to fee its 
effect upon the defign. 

Fig . 8, reprefents the draught of the diaper mounting, 
and the cording of the front leaves, which are moved by 
treddles. The mounting, which raifes the leaves of the har- 
nefs, mull be taken from the defign paper, in a way fimilar 
to that ufed for the draw loom, and as deferibed in that ar- 
ticle, From the plan it will appear, that five threads arc 
included in every mail of the harnefs, and that thefe arc- 
drawn in fingle threads through the front leaves, as deferibed 
in the article Diaper. The cording forms an exception to 
the general rule, that when one or more leaves are raifed, 
all the reft muft be funk, for in this inftance one leaf rifes, 
one finks, and three remain ftationary. An additional 
mark, therefore, is ufed in this plan. The dots, as formerly, 
denote raifing cords, the blanks finking cords, and where 
the cord is to be totally omitted the crofs marks x are 
placed. 

Fig. 9, is the draught and pording of a fpot whole two 
files are fimilar, but reverfed. That upon the plan forme a 
diamond, fimilar to the one drawn upon the defign paper, 
Plate A, but fmaller in fize. The draught here is reverfed, 
as in the dimity plan, and the treading is alfo to be reverfed 
after arriving at 6, to complete the diamond. Like it too, 
the raifing marks form one- fourth of the pattern. In weav- 
ing fpots, they are commonly placed at intervals, with a 
portion of plain cloth between them, and are generally placed 
in alternate rows, the fpots of one row being between thdfe 
of the other. But as intervals of plain cloth muft takd 
place, both by the warp and woof, two leaves are added for 
that purpbfe. The front, or ground leaf, include! every 
fecond thread of the whole warp. The fecond, or plain 
leaf) that part which form the intervals by the warp. Thd 
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remaining learn form the fpots ; the firft fix bring allotted 
to one row of fpots, and the fecond fix to the next row, 
where each fpot is in the centre between the former, The 
reverfed draught of the firft is (hewn entire, and is fucceeded 
by twelve threads of plain. One-half of the draught of the 
next row is then given, which is to be completed cxa&ly 
like the firft, and fucceeded by twelve threads more of plain, 
when one fet of the pattern being tinifhcd, the fame fuccef- 
fion is to be repeated over the whole warp. Ai fpots are 
formed by inferring woof of coarfer dimenfions than that 
which forms the fabric, every fecond thread only ia allotted 
for the fpotting. Thofe included in the front, or ground 
leaf, are therefore leprefented by lines, and the fpot threads 
between them by marks in the interval:}, as in the other 
plans. 

The trcddles neccffary to work this foot arc in number 
fourteen. Of thefe, the two in the centre, A, B, when 
prefled alternately, will produce plain cloth, for B raifes 
the front leaf, which includes half of the warp, and finks all 
the reft, while A exaftly reverfes the operation. The fpot- 
treddles, on the left-hand, work the row contained in the 
firft fix fpot-lcaves, and thofe upon the right-hand the row 
contained in the fecond fix. In working fpotf, one thread, 
or (hot of fpotting- woof, and two of plain, arc fucceflivcly 
inferted by means of two feparate (buttles. 

Diffimilar fpots are thole wbofe (ides are quite different 
from each other. The draught only of thefe is reprefented 
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*>y A- io. The cording depends entirely upon the figure, 
and may be fupplied by the following fimple rule : Having 
ruled the lines which reprefent the heddles, and croffed 
them by thofe reprefenting the treddles, fquares will be 
formed fimilar to thofe uppn defign-paper. The pattern 
being drawn upon defign-paper, let the lines denoting the 
heddles reprefent the lines of the defign, from top to 
bottom of the paper, and the treddle-tines the crofs-lines. 
Place a raifing-dot for every fquare which is coloured on the 
defign, and tne plan of cording will be correft. It is necef- 
fary, however, to remark, that when more than one fquare 
is included between the fame parallel-lines, from top to 
bottom of the defign, it is needle fs to transfer it more than 
once to the cording plan, for the treddle, bring once marked, 
will repeat the operation as often as it is prefled, and, theref- 
ore, more than one treddle, for the fame operation, 
would only load the loom with ufelefs and cumbrous 
machinery. The plain leaves and additional leaves, for 
placing one row in the bofom of another, are quite the fame 
in fpots, whether fimilar or diffimilar. There is, indeed, a 
fpot called a paper-fpot, where all the warp is upon fpot- 
leaves, except the intervals, and every fecond thread of woof 
is then coarfe. It is undoubtedly iuperior in effeft to the 
common fpot 5 but, as it requires nearly twice the mount- 
ing, it is very expenfive, and, therefore, little ufed. Some 
very beautiful fpccimens of it are occafionally imported from 
India. 
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Dr kw •loom it the moft complicated and extenfive machine, 
in its operation, ufed in the weaving of ornamented cloth. 
There is no diverfity of pattern, or figure, however exten- 
five, which can be brought within the whole range of cloth 
of the largeft dimenfions, but may be produced by this 
ufeful, although txpenfive, machine. Draw-looms, in Bri- 
tain, are ufed for three purpofes, vk. for weaving damaik, 
carpets, and the moft extenlive patterns of fpotted muflins. 
The general principle of all thefe machines is pretty fimilar, 
but modifications in their conftru&ion take place, according 
to the particular purpofes for which they are intended. 
When patterns become fo extenfivr, that the number of hed- 
dles neceflary for moving the warp in its numerous combina- 
tions, could neither be included within any moderate bounds, 
nor worked by any moderate power, it becomes neceflary 
to have recourfe to the draw-loom. Of .all the draw- 
looms, that for weaving fine damaik is the moft ex- 
ten five ; fome of thofe in common ufe containing upwards 
of 120 defigns, of io fpaces each, which renders tbem 
equal to 1200 leaves of the diaper harnefs, or 6000 of 
the leaves ufed for domock, dimity, or common twecling. 
The general principle of the draw-loom harnefs, and the mode 
by which the fluihing is reverfed, is in every refpeft the 
fame with that of the diaper, the difference confiding foJely 
in the fuperior extent of the formtr, and the method of 
mounting and working it. Fig. 3. Plate XIV. MifccUauy , 
is aperfpeftive view of the barnsfs part of a draw-loom, and 
the apparatus for working it. The number of Hamers- 
cords of a draw-loom is fo great, and th^y are of neceflity 
fo clofely crowded together, that any reprrfcntation of the 
whole, even if drawn upon a very large fcale, mull convey a 
very inadequate idea of their conftrudlion and operation. A 
few, therefore, only are reprefented at intervals to illuftrate 
the way of conllrudting them, and this being once well un- 
derftood, may be extended to any length that conveniency 
will admit. The harnefs of the draw- loom is not confined 
by leaves, but every cord carrying a mail for the warp is 
kept ftretched by a weight. The mails are the fame as 
thofe of the diaper,^. 2. Plate XIV. The weights attached 
to the harnefs are reprefented at L. A horizontal board, 
or frame C, is fixed acrofs the loom, and is either perforated 
with a number of fmall holes, or divided by wires, or pins, 
to ferve as guides to the cords of the harnefs palling through 
them. When the range, or extent of the defign, has been 
ascertained, by counting on the paper the greateft number 
of fquarea contained in it from right to left, the harnefa 
muft be made to correfpond with this range. Let the 


range be fuppofed to extend to 500 fquares, and the whole 
breadth of the warp to contain 10,000 threads. If five 
threads are to be drawn through each mail, the number of 
mails compofing the harnefs will be 2000, and four ranges 
of the pattern will include the whole breadth . The divifioni 
in the board C, and the number of putties in the box, or 
cafe H, being adapted to this, the operator may proceed to 
put up his harnefr, which is done as follows: the ift, 501ft, 
1001ft, and 1501ft harnefs twines, after being palled 
through their refpeftive intervals in the board, or frame C, 
are to be knotted together at M. A cord being attached 
to thefe is carried over the firft pulley in the cafe H, and is 
made fail to the piece of wood G, which is generally called 
the table. The 2d, yo:d, ioo2d, and iyo2d, are con- 
neXed in the fame way, and the cord attached to them, 
palling over the fecond pulley, is fattened to the table 
as before. The fame operation is fueceffively repeated, 
until the whole 500 connexions are compleated. Tne cords 
at B, palling over the pullies and fattened to the table, are 
called the tail of the harnefs. From each cord in the tail 
a vertical cord defeends, and is made fail to a piece of 
wood K, which is laihed to a fixture in the floor. Thefe 
cords, reprefented at D, are called fimples. The draught of 
the warp through the mails of the harnefs is tegularly pro- 
greifive from right to left, as in common tweeling, and the 
draught, cording, and mounting of the front leaves are exaXly 
the fame as in diaper, A (tout perpendicular cord is now 
ftretched from the roof to the floor, and made fall at both 
ends. This cord is reprefented at I, and the loom is then 
ready to be adapted to work any pattern, of the range of 
yco fquare6, or mails. 

The next operation, therefore, is to apply a certain num- 
ber of fmall cord?, called tajhes, and reprefented at £, fo as 
to form the particular pattern required. This is called read- 
ing on the defign, and from the complexity of the operation, 
and the neceflity of its being accurately done, is performed 
by two perfons. The firlt of thefe perfoni feleXs from the 
defign paper the fimples, to which lalhes are to be fuccef- 
lively applied; and it is the bufinefs of the fecond to apply 
thofe lalhes according to the inftru&ions which he receivei 
from the firft. To read or feleft the lalhes in their proper 
rotation, it is proper to obfeiye, that the whole range of 
fquares, from right to left, between the extreme points of 
the pattern, is equal to the whole number of fimples, and 
the whole range from top to bottom, to the number of ope» 
rations which thofe fimples are to undergo. The perion 
who is to feleX, therefore, taking the defign paper, begin# 
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at the loweft (qua re, and counting from the right hand, in- 
ftru&s the other to pafs as many Ample* as there are blank 
fquares upon the paper, to put lathes to as many as are co- 
loured, again to pafs the blanks, take the coloured fquares, 
and fo on until he has reached the left fide of the pattern. 
When thefe lathes have been applied, which is done by 
pafling each loofely round the fimples which it is to work, 
they are knotted together, and attached to the cord I by a 
loop, fo that they may Aide up and down freely, both upon 
the cord aiijj the fimples. Proceeding to the fecond fquare 
from the bottom, the (election is made in the fame way, and 
thus they continue until they have reached the top. The 
lafhea being now in clufters upon the cord 1, thefe clutters 
are connefted at convenient diftances from each other, by 
fmall cords reprefented at F, the firftapplied clutter being 
loweft upon the cord I. 

The draw-loom being ready for work, the operators may 
begin to weave. Two perfons are required to work the 
loom. One of thefe pulls down the firft fit of lathes, the 
whole being placed higti upon the cord I, and by pulling them 
tight, draws the fimples with which they are connected 
clear of all the reft. Then by grafping thefe fimples firmly 
in his hand, and pulling them down, he tightens the tail cords 
at B, by making them diverge more from a ftraight line, and 
of courfe raifes the mails which are attached to them by the 
harnefs twines at M. The weaver then works over his front, 
mounting, as in common tweeling, once, or oftener, if more 
fquares than one, upon the defign, are included between the 
fame parallel ftraight lines from top to bottom. Wh.-n a 
change of the harnefs becomes neceffary, theconne&ing cord 
F pulls down the fecond clufter of la/he?, upon which the 
fame operation is performed as before. By thefe means, the 
fimples, however numerous, (and in the cafe we have fuppofed 
they would amount tojjoo,) arcfele&cd from each other with 
the utmoft accuracy and facility. The fucceflive repetition 
of the fame operation compieata the pattern, and then it is 
only neceffary to pu(h the lalhes up again, and begin a new 
one. 

When the mounting of the draw-loom is very extenfive, 
it would be inconvenient to ufe only one cafe of pullies ; 
for the tail-cords and the frame of this cafe rouft be ex- 
tended to very inconvenient dimenfions. Befides this, 
when fo many pullies are employed, the tail-cords mull de- 
viate fo much from the perpendicular line, that there 
would be much danger of throwing the cords off the pul- 
lies, and fitting the machine fait until each cord was 
replaced. Indeed, to prevent the danger of thit> which ma- 
terially impedes the operation, it iscuftomary to place guides 
of wire under the pullies, to confine the cords. But when 
the mounting is very extenfive, two, and fometimes three, 
cafes of pullies are very generally ufed. Thefe are placed 
parallel to each other, that represented at H being the mid- 
dle one, and an equal number of tail cords are concluded over 
each. It is alfo'ufual to conllrua more than one fit of fimples 
that which is to be ufed being lalhcd to the floor, while the 
others are loofe and hung near the roof, until it becomes ne- 
ceffary to ufe thetn in their turns. This, indeed, is very 
ufeful in working bordered table-cloths, where the whole is 
frequently the continuation of one defign, extending tome- 
times three yards, or more, in breadth, and five or fix yards 

*" Ioanage like the prefeot, when Amplification of procefa 
wd frying of labour have become obje&s of fuch general 
attention, h i» not wonderful that plan*, which have thete 
for their objeft, fhould have been adapted to the draw-loom 
as well as to other machinery. One of thefe* lately intro* 
duccd at Dunfermline, ha* been pretty generally adopted. 
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and appear*. Upon the whole, to have given very eonfider. 
able fatufadion . Whether properly or not, it it there known 
by the name of the patent draw-loom. 

The objed of the patent draw-loom is, to enable the 
weaver to change his harnefs, as^ well as to perform the other 
neceffary operations of weaving! and confequently to fuper* 
fide the ncceffity of employing a fecond perfon at the 
loom. In this loom the tail of the harnefs, inftead of hav- 
ing its direftion changed, by pafling over pullies, and being 
carried to one fide, rifts perpendicularly, and is made faft to 
the roof. The fimples are brought in a horizontal direc- 
tion to the front of the loom, over the weaver^ head. The 
diredion of the fimples is very fimilar to that of the tail 
cords of the diaper- ioom, Jg. i. The ladies hang down 
erpendicularly, fo that the weaver may pull them with his 
and. Upon the tail are knots, placed at equal heights from 
the floor, and in front of thefe knots is an inftrument very 
much rdembling a coarfe combs or the teeth of n garden 
rake. This inftrument moves upon a fulcrum, from which 
a lever extends over the weaver’s head, by deprefling the 
end of which he can raife the teeth at plealure. The fim- 
ples being pulled, the tail ib drawn forward, and the knots 
engaged between the teeth of the comb. The lever being 
then pulled down, and fccured by a cord and handle, as m 
the diaper-loom ; the teeth rifi, and carrying the knots along 
with them, raife the harnefs. When a change is required, 
the teeth are fit down, the knots relieved,, a fecond fet 
pulled in, and the operation proceeds as before. 

This plan has come into very general ufe, and fiems to 
meet with much approbation, for thofi kinds of damalk 
where the pattern is not very extenfive. In the others, there 
is ftill a diverlity of opinion refpedting the comparative merits 
of the old and new plans, which, as the invention is recent* 
will probably be only decided by experience. 

The draw-loom is alfo applied, in moil inftances, to the 
manufa&ure of carpets. Carpets are not tweeled like diaper 
or damalk, but confifl. of plain or alternate weaving. A car- 
pet conlifts of two webs of cloth, woven fcparately and in- 
dependently of e?ch other, but being woven at the fame 
time, particular parts of them are taktn through each other* 
fo that any part of each web is fometimes above, and fome- 
times below the other. From this it arifes that when a 
carpet is turned upfidc down, the pattern remains the fame* 
but the colours arc reverfed, that which formed the ground 
being uow the pattern, aud vice verfd . 

The front mounting of a carpet draw-loom confifts of 
four leaves, two of which raife the web which forms the 
ground, and the other two that which forms the figure* 
One (hot of the woof is inferttd into each web alternately. 
The eyes of the front mounting are long, like thofe of the 
diaper and damalk, to allow the harnefs to rife freely* As 
carpets are woven generally of coarfe dyed woollen yarn, and 
do not contain much warp, it is unneceffary, except in very 
complicated patterns, to ufe fimples. The lafhes, therefore, 
hang perpendicularly from the tail, and at the end of each 
fit there is a fmall handle, or as it is called, a fob* Thefe 
pafi through a long horizontal board, perforated with boles 
to prefirve their regularity, and are arranged in pairs, one 
bob raifing the harnefs of the pattern-web, and the ojtber 
that of the ground-web. To adapt the figure upon the de- 
fign to the application of the lalhes* the inftrudions for the 
pattern-web are the fame as in the damalk ; thofe for the 
ground -web the fame exa&Jy reverfed. In the latter, there- 
fore, the blanks upon the defign are to be taken, and the 
coloured fquares paffed. In this confifts the whole dif- 
ference. 

The harnefs of the fpot draw-loom is exaftly the feme at 
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the damafk, ei cepting that the yarn of the win> being much 
liner, the mails arc not ufed, but (hort eyes of twine fubfti- 
tuted in their places. In the front mounting, alfo, the end 
is attained by means which, although in effcft the fame, are 
better adapted to the particular nature of the work. Four 
leaves of heddles are ufed ; but they are mounted, fo that 
two leaves will either go together up or down, or in oppo* 
fite direftiona, The heddles are conftrufted like thofe for 
weaving plain cloth, and every thread is drawn through two 
heddles, being taken through the upper cleft or link of the 
one, and through the under link of the other. When the 
two leaves move in the fame dire£Uon, the threads of warp 
are confined as in the clafp of a common heddle ; but when 
they move in a contrary diredion, they prefent all the fa- 
cility of the long eye in allowing the harnei's to rife without 
interruption. 

As the time, labour, and materials, necefiary to mount a 
draw-loom involve a very confiderable expence, before any 
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productive return can be attained, it is of the utmoft im- 
portance that the quality of the materials (hould be good, 
and that every part {hould be fquare, level, and equally 
itretched. Drawdooms will only gradually remunerate 
thofe who expend money or labour in fitting them up ; and 
the better they are executed, the quicker and more certain 
will be the return. A trifling additional trouble or cxpence 
to attain thofe ends will therefore always be found conuftent 
with the founded judgment, and trueft economy* 

Draw -M/, a kind of net for taking the larger fort of 
wild fowl, which ought to be made of the beft packthread, 
with wide mefhes : they (hould be about two fathoms deep, 
and fix long, verged on each fide with a very ftrong cord, 
and ftrctchcd at each end on long poles. 

It Ihould be fpread fmooth and flat upon the ground, and 
ftrewed over with fedge, grafa, or the like, to hide it from 
the fowl ; and the fportfman is to place himfelf in fome (bel- 
ter of grafs, fern, or fome fuch thing. 
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DKEDGING-Machine, in Mechanic * , an engine ufrd 
to take up mud, or gravel, from the bottom of rivers, canals* 
docks, harbour 3 , &c. while they remain lull of water. 

The common method of dredging is performed by men 
in a barge: the gravel, or baliaft, is takui up in a leather 
bag, the mouth of which is extended by an iron hoop, at- 
tached to a light pole, of a fufficient length to reach the 
bottom: in the (mail way, two men arc employed to 
work each pole. The barge being moored, one of the 
men takes bin ftation at the ftern, with the pole and 
bag in his hand, the other Hands in the head, having 
hold of a rope, tied fall to the hoop of the leather 
bag. The man at the Hern now puts the pole and bag 
down, over the barge’s fide, to the bottom, in an inclined 
ofition. The hoop being fartheft from the man in the 
ead of the barge, and having a rope, one end of which is 
fall to the gunwale of the barge, he paffts it twice, or 
thrice, round the pole, and then holds it tight : the man in 
the head now pulls the rope, fattened to the hoop, and 
draws the hoop and bag along the ground, the other allow- 
ing the pole to flip through the rope as it approaches the 
vertical pofition, at the fame time car ling fuch a frift-on, 
that the hoop digs into the ground, the leather bag receiv- 
ing whatever paflls through the hoop : both men now afliit 
in getting a bag into the barge, and delivering it* contents. 

When the bag is Lr.rc, ilvcral men are employed ; and, 
to increafe the effeft, a windlafs, with wheel-work, is uft d 
to draw the hoop along the ground. It is in this manner 
the convicts at Woolwich upon the Thames perform the bal- 
lad heaving, or dredging, which they are condemned to 
labour at as a punifhrmnt. 

In large rivers, which require much dredging to keep the 
channel at the proper depth, the above method . of manual 
labour becomes fo expenfive, that a large machine, worked 
by horfes or a fleam engine, is ufunliy employed ; two fuch 
machines worked by a fleam engine have hren i'ome time in ufe 
in the river Thame e, one of thtm is rcpiefented in Plite III. 
Hydraulics* which contains an elevation and plan of the engine. 

It is treated in the hulk of a dtfmalLd (hip. A A *7%. r, 
is a frame of timber bolted to the ilarboard gunwale, to fup- 
port a large horizontal beam, B B, jig. 2 ; another fimi:ar 
frame is fi :ed up in the middle of the ihip at 2, and 

the end of the beam is fuflained by an upright ppA bolted 
totheoppofitc gunwale; the ilarboard end of the beam 
prolefts over the vtAd's fide, and has an iron bracket S 
fattened to it, to fupport one of the bearings for the \ong 
frame E E, composed of four timbers bolted together : the 
other end of the frame is fufpended by pulleys zj, a ; from a 
beam F fixed arrofa the {Urn, the upptr ends of the outflde 
beams of the frame E E have each a flout iron bolttd to 
them, which are perforated with two large ho’es to receive 
two (hort call iron tubes, one fattened to the iron bracket S 
at the end of the beam B,and the other to acrofs beam of the 
frame A ; tbefe tubes aft ns the pivots of the franu E, upon 
which it can be railed or lowered by the pulleys a t ai they alfo 
contain bearings ;«ranironaxis,on which a wheel or trundle O 
is fixed, containing four rounds. Another limilar trundle P 
ia placed at the bottom of the frame E E, and two endiefa 
chains i t i, pafs round both, as is feen in the plan, Between 
every other link of the two chains, a bucket of plate iron 0 h 0 
i* fattened, and as the chain runs round, the buckets bring up 
the foil; a number of call iron rollers </,</, are placed between 
the beams of the frame to fupport the chain and buckets as 
they roll up. Four rollers are alfo placed on each of the 
outllde beams, to keep the chains in their places on the 


frame, that they may not get off to one fide. The motion 
is conveyed to the chains by means of acafl iron wheel at G 
in the plan, wedged on the end of the axis of the upper 
trundle 0 . The wheel is call hollow, like a very fhort cy- 
linder, and has fevtral ferews tapped through its rim, pointing 
to the centre, and preffing upon the circumference of another 
wheel inclolcd within the hollow of the firtt, that it may 
flip round in the other wtytre any power greater than 
the fiiftion of the fere vv. is apphtd ; tnc internal wheel is 
wedged on the fame (haft with a large cog-wheel f turned 
by the fmnll cog wheel g on the axis of the (team-engine* 
The fteam-tngiuc is one of that kind called high prellure, 
working by the txparifive force of the fleam only, without 
condensation; /; is the bofer Containing the fireplace and 
cylinder within it; i is one of the conneftmg rods, and / the 
fly wheel on the other end of the fame (halt a6 the wheel g. 
For a more particular defiriptiou of the engine, fee Steam 
Engine. 

Tnc pulleys a , which fufpend the chain frame, are reeved 
with an iron chain, the tackle fall of which pa lies down 
through the (hip’s deck, and is coiled on a roller tn in the 
plan, and repreieuted by a ciicle in the elevation: on the end 
of the roller is a cog-wheel p, turned by the engine wheel g: 
the bearing of this wheel »a fixed upon a lever, one end of 
which comes near that part of the fleam-engine, where 
the cock which regulates the velocity of the engine, is placed ; 
fo that one man can command both lever and cock, and by 
deprtflng that end of the lever, caufe the wheel p to geer 
with g, and conleqnently be turned thereby, and wind up 
the chain of the pulleys; g is a flrong curved iron bar bolted 
to the veff*Ts tide and gunwale, pa (Ting through an eye 
bolttd to the frame E, to keep the frame to the veffel’s fide, 
that the tide or other accident may not carry it away. 

A large hopper or trough is fufpended beneath the wheel 
6, by ropes from the beam B, into which the buckets h , b*h, 
empty the ballaft they bring from the bottom; the hopper 
conveys it iiuo 'i barge brought beneath it : this hopper is 
not (hewn in the plate, as it would tend to confufe parts 
already not very diftinft. The motion of the whole machine 
is regulated by one man. The vcffcl being moored fad, the 
engine is ftarted, and turns the chain of buckets, the engine 
tendernow puts his foot upon a lever, difengages the wheel/ 
from g, and by another takes off a gripe which embraced the 
roller m. This allows the evd E of the frame to dcfcer.d, 
until the buckets on the lower half of the chain drag on the 
ground, as (hewn in fig* 1, when he flops the further defeent 
by the gripe, the buckets are filled in fucceflion at the lower 
end of the frame, and brought up to the top, where they 
deliver their contents into the hopper before-mentioned: as 
they take away the ballaft from the bottom, the engine 
tender lets the frame E down lower by means of the gripe 
lever, and keeps it at iuch a height that the buckets come up 
nearly full; if at any time the buckets get fuch deep hold 
as to endanger the breaking of the chain or flopping the 
engine, the coupling-box at G before-defcribtd, (infers the 
fleam-engine to turn without moving the chain of buckets, 
and the engine tender prefling his foot upon the lever wmch 
brings the wheel /to geer with^, caules the roller n to be 
turned by the engine, and raife up the frame E, until the 
buckets take into the ground the proper depth, that the fric- 
tion of the coupling-box at G will turn the chain without 
flipping in any considerable degree. . 

The fleam engine i3 of lix horfes power^andis To expedi- 
tious,, that it loads a fraall barge with bailail in an hour and 
a half. 
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Drill, in Mechanics , a t«ol made of hardened Heel, ufed 
to bore hole* in metal ; they are of various form*, the mod 
uftful of which are Ihewn in Plate XXIV. Mechanics. 

Fig. i. is the common lathe or crank-drill, having an an- 
gular point, and two cutting edges, a a, which are only 
adapted to be turned one way ; it is therefore adapted for 
drilling any work in the lathe, or by the crank, which is 
formed of iron, having a focket at the lower end to receive 
the drill ; the upper end is pointed, and is preffed upon by 
a lever loaded with a weight. The workman tuffi3 the drill 
round by means of the elbow of the crank, and the weight 
and lever keep it to its work. 

Fig. 2 . is the ordinary drill, having the cutting edge, as 
ihewn in the fide view B, made fo as to cut either way ; it is 
ufed with the crank, but chiefly with the bow. 

Fig. 3. is like the former, except.that it has a round edge; 
it is ufed for drilling fteel and hardened iron, where, from the 
hardnefs of the work, a point might fail. 

Fig. 4. is a drill, where the cutting edge ( a l in jig. D.) 
erodes the point. The cutting fide of the edge at a is to- 
ward jig. A ! and at the other fide of the centre ; viz. at b, 
it is toward D ; the edge § is therefore fomewhat like a ferew, 
and leads itlclf into the work ; for which reafon it is good 
for drilling lead, copper, and other metals, which are tough 
without being very hard. 

Fig. 5. is called a pin drill, and is ufed for drilling very 
large holes. A fmall drill, like Jigs. 1 or 2, is firll ufed, and 
the hole, thus made, juft fits the pin a a, and keeps the drill 
Heady while it is turned round. It has two cutting edges, 
1 and d{ in h the face is towards the eye of the fpeftator, 
and d reprefents the back of the edge ; the edge is a little 
hollowed out above at b in the edge view, to make a thinner 
and (harper edge. 

Fig. 6. is a counterfunk drill, which is ufed to make holes 
to receive the heads of ferews ; a hole is firll drilled by the 
common drill, which it the fize of the body of the ferew, 
and the pin a a juft fits it, the cutting part d h is the fize of 
the head of the ferew, tt is a fhoulder, which prevents the 
drill catting any further than intended. 

Drills for fmall work are turned by means of a fmall 
pulley fitted on them ; the firing of an claftic bow is pafled 
round it. The piece of metal to be drilled, is fixed in a 
vice, and the point of the drill applied to it ; the other end 
is placed in a hole in a piece of metal held againft the 
Iweaft of the operator ; by drawing the bow backwards 
and forwards, a rapid motion is given to the drill, though it 
is not always in the fame direftion ; therefore, the drill (hould 
be (hsped like jig. 1. 


To avoid the trouble of making a great number of pulleys, 
workmen frequently ufe drill flocks, which will fit any fize 
drill with the fame pulley. 

Fig. 7. is one of thefe where the drill A is formed of a 
round piece of fteel wire, and pufhed into a round hole, a 
little taper in the end of the flock B ; a, a, are notchesto pufh 
out the end of the drill in cafe it breaks in the flock. Some* 
times the hole in the Hock is fquire, for unlefs the work is 
very light, the round ones are apt to flip. 

Fig. 8. is a neat contrivance to obviate this difficulty, com- 
municated to us by Mr. T. Gill. The hole in the end of 
the flock is cylindrical, and the wire of the drill has one fide 
filed flat, a fmall pin is put through one fide of the hole, as 
fhewn by the fmall round circle, and the flat fide of the wire 
applies itfrlf to it; by this means, the drill cannot tum round, 
and always fits tight in its focket. 

Fig. 9. is a fteel bow for giving motion to a drill as before 
explained. A is the fteel part formed into a hook at the end, 
to hold the catgut B. At the other end, the fteel is en- 
larged to receive a thumb-nut D, on which the catgut is 
wound, d is a fmall ratchet wheel fattened to the nut 1), and 
fitted with a click to prevent its turning back. The ufe of the 
ratchet is to draw up the catgut, fo that it may fit any fize 
pulley on the drill. 

In Urge manufa&ories where much large drilling is to be 
performed, it is done by machinery ufually turned by a fleam 
engine. 

Figs. 10. and 11. are elevations, at right angles to each 
other, of ‘a machine of this kind. A., jig. ic, is a (haft, 
bringing the power to the machine, B a bevelled wheel fixed 
thereon, giving a rotative motion to another, D, on a verti- 
cal axis, E, turning in bearings d, d ; this axis is perforated 
with a fquare hole throughout to receives fqtiare iron bare* 
at the lower end whereof the drill / is fixed. The work to 
be drilled is placed on a ftool F upon the floor, that it may 
be readily moved about ; in the drawing it is fuppofed to be 
a cylinder lid ; the drill is prtfled down upon the work by a 
lever G, the fulcrum of which is;, at the other end of the 
lever is jointed an iron rod h, having a rack i cut in the 
lower end ; this rack is moved by a pinion on the axis of a 
toothed wheel / turned by another pinion, on whofe fpindle 
is the winch m; the upper end of the iron bar t is pointed, 
and works in a bole in the lever ; a collar n is put over the 
lever and Tkeyed upon the bar t, fo that the lever will lift ap 
the drill m well a* force it down upon the work. 
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The operation of the machine is very Ample; the drill 
being conftantly in motion, the workman turns the winch m 9 
and raifes the drill above the work, he then adjufts the work 
by moving the ftool F and laying the piece upon wedges to 
the proper place, and by turning the winch m back, he brings 
the drill down upon the work with any degree of force he 
pleafes. The drill mud be fupplied with cold water, other- 
wife the friftion would heat and foften it. The drill is fitted 
into its focket by a fquare,the fockct is open above the drill* 
as (hewn in fig. 1 1, that it may be driven out to change it 
for another. 

Drills are hardened by heating them in the fire to a red 
heat, and plunging them in cold water. They are then 
rubbed bright in fume part by a ftone, file, &c. and again 
heated in the fire, till the bright part afTumes a light draw 
colour, when they are cooled in water. Small drills are 
heated in the candle by a blow pipe, and cooled in the 
tallow. 

It is a very well known faft, that a drill made of iron has 
frequently not only a polarity, but fo ftrong an attraftive 
virtue of the magnetic kind, that it will fufpend a common 
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peedle from its point* It isufually fuppoled that a drill 
acquires this polarity by boring iron. But it is not only by 
boring of iron that % this power is obtained, but in the very 
making. As foon as one of them is finifhed and hardened* 
its point becomes a north pole before it has ever been worked 
either in iron or any other materials, fo that of the great 
numbers of thefe indruments found in a (hop, endowed with 
this power, it is to be fuppofed that more pf them owe 4 to 
their original make than to any after-ufe. All pieces of 
wrought iron, which in fhape reftmble drills, that is, which 
are of a long and (lender form, will not only have this po- 
larity, but they will change it on being placed for fome time 
in an inverted polture, and that which wan the oppofite to 
the norch pole, by (landing downwards will be the north pole. 
This has been an old observation, but on a fdir experiment 
it does not prove to be true in all things without exception, 
though it he fo in mod particulars. The larger pieces of 
iron feetn to be mod eafily influenced in their polarity, by 
changing their pofition ; but the fmall ones will fometimes 
be found to have fixed poles, which no change of podure 
will alter. Phil. Tranf. N° 246. Sec Magnet. 
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DUCTILITY, (from the Latin duBile,) means the pro- 
perty, or the capability, of becoming extended. The word 
cxpanfilility has been more commonly applied to denote the 
enlargement of fuch bodies as confitt,or fecm to conftft, of fe- 
pa-atc parts, like the effluvia of odoriferous fubftancts,colour- 
ing pigments, cotton, wool, &c. But the word dudility, 
denotes the enlargement .of the dimenfions of folids, without 
Idling their continuity and confidence. This property aU 
mod excluftvely belongs to metallic bodies ; for it can 
hardly be difcerned in a few other bodies. 

The methods of extending metallic bodies may be re- 
duced to three : viz. by the ftrokes of a hammer, by the 
more equable prtflure of (flatting or rolling nulls, and by 
drawing the metal through final! holes in a fieri plate, as is 
praftifcd in wire-drawing. And fince the firfl of thofe 
methods has been more generally and more ufually prac- 
ticed ; therefore the words malleability and dudility have 
been indifcriminately uftd to exprcfs the fame thing. 

To thefe impreflions certain metallic bodies yield much 
more readily than others, and fome there are which will not 
yield at all ; fo that, when prefled or hammered, they will 
lather break into fragments than expand. 

Previous to the ftatement of the various degrees of duc- 
tility, it will bcnexeffary to fay a few words with refpedto 
the nature of dilatability itfelf, in order to prevent a wrong 
notion which unexperienced perfons are liable to adopt. 
When a piece of metal, in confequence of its dudility, is 
faid to be extended ; the meaning is not that the bulk of 
the metal is enlarged ; but that one or two of its dimenfions, 
(vis. the length, the breadth, or the thickncfs,) is enlarged, 
wbilft one or both the others are diminifhed. For in llance, 
l cubic inch of gold is one inch long, one inch broad, and 
one inch thick ; and the predudt of thefe three dimenfions, 
which gives the folidity, is one inch. Now if, by hammer- 
ing, you extend the length of it, fo as to make it two inches 
feng, the breadth remaining the fame, the thicknefs will be 
reduced to half an inch j and the produd of thefe three di- 
mentions j -viz. two inches, one inch, and half an inch, is 


equal to one inch, as before ; which (hews that the folid con- 
tents remain the fame. 

It mud, however, be obferved, that, ftriftly fpeaking, the 
bulk of a piece of metal is a little contracted by the hammer- 
ing or prefflng j fo that a fort of concentration and harden- 
ing take place at thr fame time. In fad, the fpecific gravity 
of a piece of dudile metal is greater after the hammering or 
pieifing than before. Both this additional hardnefs and 
incrcafed fpecifi: gravity are removed by heating the piece 
of metal to a certain degree. 

Though we have mentioned the drawing through holes 
as one of the methods of extending metallic bodies ; yet a 
neceffary diftindion muft be pointed out with refped to this 
operation. — In the prefent (late of philofophy, dudility is 
diftinguiflied from tenacity. The meaning of the former has 
already been explained ; but the tenacity is meafured by the 
refinance which a wire of the metal oppofes, without break- 
ing, to the adion of a certain force which draws it at one 
extremity, while the other extremity is fixed. Now it is 
upon this tenacity that the drawing of metals through 
holes depends. And, in fad, certain metals which (hew un- 
der the hammer, or under the flatting mill, a much greater 
degree of dudility than others, are, at the fame time, lets 
capable of being drawn into fine wire, aud vice verfa; as 
will appear from the following lifts. 

Of all the metallic bodies fome are dudile, whilft others 
are not, and this difference qaufed them to be diftinguiflied 
into two dalles ; calling the former metals, and the latter 
femi-metals, or impeded metals j but the limits of thefe 
claffes being vety indefinite, little regard is now paid to this 
nominal diftindion. 

Dudile Metallic Bodies arranged in the Order of their 

Dudility, 

Gold, Iron, 

Platina, Tin, 

Silver, Ltal, 

Copper, 
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MctalRe Bodice arranged in the Order tf their Tenacity, 

Gold, Silver, 

Iron. Tin, 

Copper, Lead. 

PUtina, 

For farther particulars refpe&ing the tenacity of metals, 
fee the articles Tenacity, and Wire Drawing. 

The dudility of gold exceeds that of every other metallic* 
body, and fince its value and its beauty have at ail times en- 
couraged the induftry of workmen, no pain6 have been fpared 
in endeavouring to expand the furface of >t to the utmoft limit 
of pra&icahility ; anda (ingle grain weight of gold is now com* 
monly extended into a furface equal to 50 fquare inches and 
upwards. Mr. Magellan fays, that the iineft gold leaf is ex- 
pended by hammering between new (kins, and that each troy 
ounce of pure gold muft be alloyed with three grains of 
copper, otherwife it would be too foft to pafs over the irre- 
gularities of the (kins. When extended to the utmoft, 
2000 leaves of fuch gold, each containing a furface of 10.8^ 
fquare inches, weigh lefs than 384 grains ; fo that each gram 
we»'ght of the metal will produce about 57 fquare inches of 
gold leaf ; and it is eaiLy determined by calculation, that 
the thicknefs of fuch gold leaf is about Tr * l *voth of aa 
inch. However, this is a confiderable thicknefs, in compa- 
rifon of that of gold fpun on filk in our gold thread. 

To conceive this prodigious du&ility, it is nectflary to 
have fome idea of the manner, wherein the wire- drawers 
proceed. The wire and thread we commonly call gold 
thread, Jcc. which is only lilver wire gilt, or covered over 
with gold, is drawn from a lar^e ingot of filver, ufually 
about thirty pounds weight. This they round into a cylin- 
der, or roll, about an inch and a half in diameter, and twenty* 
two inches long, and cover it with the leaves prepared by 
the gold-beater, laying one over another, till the cover is a 
good deal thicker than that in our ordinary gilding ; and 
yet, even then, it is very thin ; as will be eafily conceived 
from the quantity of gold that goes to gild the thirty 
pounds of filver : two ounce* ordinarily do the bufinefs : 
and, frequently, little more than one. In tfTcd, the full 
thicknefs of the gold on the ingot rarely exceeds T Jfcth, or 
T i T5 th part : and fomettmes not T0 *,j 0 th part of an inch. 

But this thin coat of gold mult be yet vaftly thinner : the 
ir\got is fuccelfively drawn through the holes of feveral irons, 
each fmallcr than the other, till it be as fine, or finer, than a 
hair. Every new hole leflena its diameter ; but it gains irv 
length what it lofes in thicknefs ; and, of conference, in- 
treafes in furface: yet the gold (till covers it; it follows 
the filver in all its extenfion, and never leaves the minuteft 
part bare,4iot even to the microfcope. Yet, how incon- 
ceivably muft it be attenuated while the ingot is drawn into 
a thread, whofc diameter is 9000 times lefs than that of the 
ingot ! 

M. Reaumur, by exad weighing, and rigorous calculation 
found, that one ounce of the thread was 3232 feet long 5 and 
the whole ingot 1 16,3520 feet, Paris mcafurc, or 9 6 French 
leagues; equal to 126,4400 Englifh feet, or 240 mile* 
Englifh ; an extent which far furpaflVs what Fa, Merfenne, 
Furetiere, Dr. Hailey, &c. ever dreamt of. 

Merfenne faya, that half an ounce of the thread ia 100 
toifes, or fathoms long 5 on which footing, an ounce would 
only be 1200 feet; whereas, M. Reaumur finds it 3232. 
Dr. Halley makes fix feet of the wire one grain in weight* 
and. one grain of the gold ninety-eight* yards ; and, conse- 
quently, the ten thoufandth part of a grain, above one third 
of an inch. The diameter of the wire he found one 186th 
part of an inch $ and the thicknefs of the gold one 154,500th 
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part of an inch, But this, too, comes* ftort of M. Reau- 
mur ; for, on this principle, the ounce of wire wonld only 
be -2680 feet. 

But the ingot is not yet extended to its full length. The 
greattft part of our gold thread is fpun, or wound on filk, 
and, before they fpin it, they flat it by palling it between 
two rolls, or wheels of exceedingly well polifhed fteel ; 
which wheels, in flatting it, lengthen it by above one feventh. 
So that our 240 miles are now got to 274. The breadth, 
now, of thefe lamina:, or plates, M. Reaumur find?, is only 
one 8th of a line, or one 96th of an inch ; and their thick- 
nefs, orte 307 2d. The ounce of gold, then, is here extended 
to a furface of 1190 fquare feet; whereas, the utmoft the 
goM beaters can do, we have obferved, is to extend it to 146 
Iquare feet. But the gold, thus exceedingly extended, how 
thin muft it be ! From M. Reaumur’s calculus, it is found to 
be one 175,000th of a line, or one 2,100,000th of an inch : 
which is icarce one 13th of the thicknefs of Dr. Halley’s 
gold. But he adds, that this fuppofes the thicknefs of the 
gold every where equal, which is no-ways probable; for in 
beating the gold-leaves, whatever care they can btftow, it 
is impoflible to extend them equally. This we eafily find, 
by the greater opacity of fome parts than others ; for where 
the leaf is thickeft, it will gild the wire the thickeft. 

M. Reaumur, computing what the thicknefs of the 
gold muft be where thinneft, finds it only the 3,150,000th 
part of an inch. Bat what is the one 3,150,000th part 
of an inch ? Yet this is not the utmoft du&ility of gold : 
for inftcad of two ounces of gold to the ingot, which we 
have here computed upon, a fingle one might have been ufed ; 
and, then, the thicknefs of the gold, in the thinneft places, 
would only be the 6 300.000th part of an inch. 

And yet, as thin as the platc6 arc, they might be made 
twice as thin, yet (till be gilt; by only prefling them more 
between the flatter’s wheels, they arc extended to double 
the breadth, and propoi tionably in length. So that their 
thicknefs, at laft, will be reduced to one thirteenth, or four- 
teenth millionth part of an inch. 

Yet, with this amazing thinnefs of the gold, it is dill a 
per fed cover for the filver : the bed eye, or even the beft 
microfcope, cannot difeover the leaft chafm, or difeontinu- 
ity. There is not an aperture to admit alcohol of Wine, the 
fubtileft fluid in nature, or even light itfelf, tmlefs it be owing 
to cracks occafioard by repeated ftrokea of the hammer. 
Add, that if a piece of this gold-thread, or gold-plate, bt 
laid to diflolve in aquafortis, the filver will be all excavated, 
or eat out. and the gold left entire, in little tubules. 

It (hould be obferved, that gold, when it ha* been ftruck 
for fome time by a hammer, or violently compreflcd, as by 
gold wire-drawers, becomes more hard, elaftic, and ftiff, and 
lefs du&ile, fo that it is apt to be cracked or torn : the fame 
thing alfo happens to the other metals by percuflioa and 
comprtflion. But dudility and tradability may be reftored 
to metals in that (late, by annealing them, or making them 
red-hot. Gold feems to be more affeded by percuffion and 
annealing, than other metaja. , 

Platina, filver, and copper, may, likewife, be expanded 
into leaves, but not nearly fo thin as thofe of gold. 

With refped to the arrangement of iron and tin in the 
firft of the above-dated lifts, we are not quite determined a* 
to which of them the preference may bfc due. 

Zinc has the remarkable property of being malleable, or 
dudile, not in the ufual tcmpeVature of the atmofphere, but 
in a higher temperature. When heated to between 210® 
and 3 oo° of Fahrenheit’s thermometer, zinc is perfe&ly mal- 
leable, and may be ftretched into wires, or into pretty thin 
plates. And when fo treated, it will afterwards remain nal* 
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It able. Some metallic fubRancri do not fuffrr the flroke# 
of a hammer nearly fo Veil an the more uniform preffurc of 
the flitting mill ; and thia is peculiarly the Cafe with zinc. 

It ia not witli zinc alone, but with all other du&ile the* 
tala, that their ductility is greater in a certain tempcral ure* 
which generally exceeds that of the atmofphere j thus iron 
in a red heat is incomparably more du&ile than at a lower 
temperature. Heat, in (hort, tends to foften the metal ; or, 
whioh amounts to the fame thing, to increafe its duftility ) 
and as hammering or rolling hardeni the metal at the fame 
time that it extends it, the workmen, in the courfe of their 
operation, find it neccffsry to foften the metal by the appli- 
cation of heat, in order to render it capable of farther exten. 
fion. This heating or foftenieg is, in fome cafes, repeated 
feveral times before the work is quite finifhed. 

The alloys of two or more metallic bodies are lefs duftile, 
than the pure metals themfelves ; yet fuch alloys are highly 
ufeful in a variety of cafes, and the pure metals are often al- 
loyed for no other purpofe than for diminilhing their foft- 
nefs and du&ility. In the coinage of moft countries the 
noble metals are generally alloyed with a little copper, 
which increafes their hardnefs and elaiticity. 

_ The moft extenfively ufeful alloy is that of copper and 
zinc, which forms bra/t.—ht colour, its du&ility, and its 
not being eafrly oxydaled, have rendered it peculiarly ufeful 
for a variety of purpofes, and efpecijlly in watch-work, 
where no other metallic fubftauce has been found nearly fn 
ufeful. 

Brafs, when properly made, is duftile and tenacious to a 
conGderable degree. It will extend pretty well under the 
hammer, and it may be eafily drawn into very fine wire. A 
flight degiee of heat will, in fome meafure, increafe its duc- 
tility j but when heated to about 300°, or upwards, then 
the ftrokes of the hammer will reduce it to powder. It is 
a fort of brsfs (but the precife proportion of the ingredi- 
ents is kept fccret,) that is expanded into leaves like gold} 
and is commonly fold under the name of Dutch gold. 

Though tin is more duAile than zinc j yet the alloy of 
copper and tin is, upon the whole, lefs dti&ile than that of 
copper and zinc. Paerner fays, that much copper and little 
tin Form a malleable compound, as well as much tin and little 
copper ; but that when the two metals are alloyed from 
eight to ten parts of copper to one of tin, then the alloy* 
are brittle end untradable. 

The alloy of lead and antimony forms the met?l which is 
ufed for printer’s types, and its dudility may be varied by 
varying the proportion of antimony. According to Gmclin, 
one part of antimony and 12 part* of lead, form a hard alloy, 
but capable of being beat into Iheets. One part of antimony 
and eight parts of lead, form a compound harder and more 
fufible than lead, bat malleable ; and fuch is alfo the cafe 
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with one part of antimony and three of lead } but with a 
fmaller proportion oflead the compound is too hard to bear 
the ftrokes of the hammer. 

An alloy of zinc and lead has, on account of its brilliancy 
and hardnefs, been recommended for the conftruftion of eco- 
nomical and other articles. When a great deal of zinc is 
alloyed with lead, the compound is harder than lead, but 
venr malleable. See Metals, Gold, See. 

Ductility of Glafs. We ill know, that, when well pe- 
netrated with the heat of the fire, the workman can figure 
and manage glafs like foft wax ; but wbat is moft remarkable, 
it might be drawn, er fpun out into threads, exceedingly fine 
and long. 

Our ordinary fpinners do not form their threads of (ilk, 
flax » or the like, with half the eafe and expedition, as the 

( [Ilfs fpinners do threads of this brittle matter. We have 
ome of them uftd in plumes for children’s heads, and divers 
other works, much finer than any hair, and which bend and 
wave like it with i /cry wind. 

Nothing is more fimple and eafy than the method of 
making them: there are two workmen employed; the firlt 
holds one end of a piece of glafs over the flame of a lamp ; 
and, when the heat has foftened it, a fecond operator applies 
a glafs hook to the metal thus in fufion ; and, withdrawing 
the hook again, it brings with it a thread of glafs, which 
Bill adheres to the mafs : then, fitting his hook on the cir- 
cumference of a wheel about two feet and a half in diameter, 
he turns the wheel as laft as he pleafes ; which, drawing out 
the thread, winds it on its rim ; till, after a certain number 
of revolutions, it is covered with a fkain of glafs thread. 

The mafs in fufion over the lamp diminifhes infenfibly ; 
being wound, as it were, like a pclatoon, or clue, of filk, upon 
the wheel ; and the parts, as they recede from the flame, cool- 
ing, become more coherent to thofe tuxt to them; and this 
by degrees : the parts neareft the fire arc always the belt 
coherent, and, of confequence, mull give way to the effort 
the reft make to draw them towards the wheel. 

The circumference of thefe threads is ufually a flat oval, 
being three or four times as broad as thick : fome of them 
feem fcarce bigger than the thread of a fi.k-worm, and are 
furprifingly flexible. If the two ends of fuch thread be 
knotted together, they may be drawn and bent, till the aper- 
ture, or fpace in the middle of the knot, doth not exceed 
one 4th of a line, or one 48 th of an inch diameter. 

Hence M. Reaumur advances, that the flexibility of glafs 
increafes in proportion to the finenefs of the threads ; and 
that, probably, had we but the art of drawing threads as 
fine as a fpider’s web, we might weave fluffs and cloths hereof 
for wear. Accordingly, he made fome experiments this 
way ; and found be could make threads fine enough, as fine 
in his judgment, as any fp der’s web : but he could never 
make them long enough to do any thing with them. 
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DURHAM, a county in the northern part of England, 
bounded to the caft by the German ocean, to the north by 
Northumberland, from which it is feparated by the rivers 
Tyne and Derwent, on the well by the counties of Cum- 
berland and Weftmrreland, and on the fouth by Yorkfliire. 
The area thus enclofed forms a triangular figure, and mea- 
sures about 3 6 miles in its greatell extent from uorth to 
foutb, by nearly 45 miles in an oppofite direction. Itafu- 

This part of England was anciently inhabited by the 
Brigantes, a clafs of Britons, diftinguilhed by Tacitus as 
being powerful, brave, and numerous ; but who were fub- 
dued by the Romans. The latter included Durham within 
the divifion of Maxima Caefarienfis ; and the Saxons made it 
part of the kingdom of Northumbria. In the year 685, 
Egfiid, king of this diftrift, granted all the lands between 
“ the rivers Weare and Tyne” to St. Cuthbert, the apoftle 
of the north. From this time the county was invelled with 
great privileges, and has been generally termed the BtJhopr\c % 
and County palatine. Edward I., however, feized the power 
from the bifhop, and transferred tbe liberties of the lee to 
the crown. Thtfe were afterwards reftored in part ; and 
were augmented or enlarged by different monarchs, till 
queen Ma$y ,re-eftabl:(hed them. The bifhops of Durham, 
from time immemorial, have exercifed peculiar immunities 
and power;' confiding of all manner of royal jurifdi&ion, 
both civil and mi itary, by land and fea. For the exercife 
of which they had their proper courts of chancery, ex- 
chequer, and court of pleas, as well of the crown as of the 
county. The nature and peculiarity of all rhtfe cannot be 
properly dtferibed in this place, but may be found fully 
explained in Hutchinfon’s Hiftory of Durham, J vpls. 4to. 
and Gough’s edition of Camden’s Britannia, vol. lii. p. 109, 
8 cc, 

The general afpefl of Durham is hilly and mountainous, 
particularly towards the weilern angle, which is a bleak, 
barren, and naked region, croffed by a lofty ridge called 
the Englifh Apennines. Several different ftreams ifiue 
from the cadern fide of thefe mountains^ On the eadern 
fide, and near the centre of the county, are fome fine and 
fertile vallies, through which various brooks and rivers flow 
to the fea. Nearly one-third of the laud to held by eccle- 
fi afti cal tenure, under leafes for lives, or for 21 years. The 
cattle of Durham arc in great repute, as to fhape, weight, 
produce of milk, & c. The fhcep are moltly large, and 

covered with long wool. 

The vafle or uncultivated lands of this county are of con ” 
fiderable cxttntj occupying, according to Mr. Granger, 

perficial area includes about 610,000 acres. This fpacc ia, 
divided into four wards, all of which derive their names from 
places of little importance, viz . Chefter, Darlington, 
Eafirgton, and Stockton { befides which there are two other 
diftrifts, called Norhamfhire and Iflandfhire. The county 
is divided, according to fome authors, into H 3 pan»' ca » 
while others fay 120, including one city and ten market 
towns. According to the laft report to parliament, this* 
diftrift contained 27,1 95 houfes, and 160,361 lnhabitanta, 
of whom 74,770 were males, and 85.^91 were females. 
Four members are returned to parliament $ two tor the 
county and two for the city* 


nearly 130,000 acres. According to fir Wi.li.im Appleby, 
in a communication to the author ot the Agricultural Re~ 
port, “ Durham, taking its fmall dimenfions into confidera- 
tion, is not to be equalltd by any other county in Great 
B itain, except Muldlefcx, for its numerous and important 
coal, lead, and iron mines ; its large ca(t-metal foundcries, 
and iron manufactories, potteries, glafs- houfes, copperaa 
works, coal, tar, and fait works, quarries of marbie, fire 
and free-ftone », lime, brick, and tile-kilns ; grind-ftone and 
mill done; linen and woollen manufadories 5 trade, agrU 
culture, and population.” Granger’s general View of the 
(Agriculture of the County of Durham, 4to. 

Towards the eaft and north-eaft parts of Durham arj 
feveral extenfive coal-mines. The fea ms or flrata, now 
worked, are five in number, which extend horizontally for 
many milee r and. are from 20 to 100 fathoms beneath the 
furftce. Each fliatum is from three to about eight feet in 
thickncfs. Below thefe are feveral other foams of coal. 
Some ftcam-engines have been ereded, to raife tbe coal to 
the furface, and for the purpofc of pumping the water out 
of the mines. In the great fea-fale collieries, feveral horfes 
are conftantly kept under ground, to draw the coals to the 
mouths of the pits. 

In the vicinity of Walfingham, a firm black fpotted lime- 
ftone or marble is procured, and is much ufed for hearths, 
chimney-pieces, See. The fame neighbourhood alfo abounds 
with (tone, much ufed in making miTl-ftones. Many quarries 
of excellent date have been opened in different parts of the 
county ; and Gatefhead-fell is particularly famous for pro- 
ducing what are vulgarly termed Newcaflle grind-fton*s, 
from being moftiy {hipped off at that port. Fire-ftonc, in 
high eilimation for making ovens, furnaces, See. is obtained 
in various parts of the county ; and large quantities are an- 
nually exported. Several lead-mines are worked in Tees- 
dale and Wear dale. Some extenfive works for manufac- 
turing fait from fea-water have been long eftablifhed at 
South Shields ; but thefe have been much negie&ed, in con- 
fequence of a fingular fait fpring having been dilcovered at 
Birtley. The water rifes at the depth of 70 fathoms, atid 
has produced 20,000 gallons per day for fome years paft. 
The water is found to be four times ftronger than any fca- 

water. . 

The manufactures of Durham are numerous and import- 
ant, and are diftributed over various parts of the county. 
At Chefter-lc-Street is a very extenfive foundery for cannon ; 
and another at Wafhington. At Swalwtll and at Winlaton 
arc fome very large ironworks ; and at Eumlcy is a roanu- 
faftory for converting ferap-iron into engine-boiler-plates, 
and caft metal into malleable iron. At Shortlev-Bridge, 
Derwent-Coai, and Blackhall-Mills, are manufactories of 
ftcel for fword-bladcs. Tammies, carpets, and waiftcoat- 
pteces, are manufadtured at Durham ; tammies and hucka- 
backs are alfo made at Darlington ; cottons arc manufac- 
tured at Caftlc- Eden, Stockton, and Bifhops- Auckland ; 
glafsbottles in large quantities are made at Sunderland, &c. 

The chief rivers of this county are the Tees, the Weare, 
and the Derwent. The total return of income, under the 
influence of the property-tax bill for this county, irl *800, 
was i,3ao 364/. The amount of the poor-rates for 1803, 
at 2/. in the pound, was 71,665/. 




DYEING) Hijiory of. The origin of the art of dyeing 
ii involved in that obfcuriiy which pervades the hiftory of 
all thofe arts conne&ed with the common wants and ne- 
ceflities of life. They have originated in times beyond 
the reach of hiftory or tradition, and are the offspring 
of the natural faculties of man directed by the great 

S rimeval wants of food, (belter, and raiment; The art of 
yeing is, of courfe, pofterior to many of thefe, and is 
founded left on the neceflities than palEons of mankind. 
A love of diftinftion is common to man in every ftage 
of civilisation, but that paffion for admiration which is 
displayed in a love of finery and ornament is peculiar to 
him in his moft barbarous and uncultivated date. Hence 
lavage nations delight in brilliant and gaudy colours, and 
many paint their wins, and adorn themlelves with feathers, 
ftones, and (hells of various hues. Hiftory has uot furnifhcd 
us even with her fables on the origin of dyeing ; but from 
analogy, as well as observation of the practice of barbarous 


nations at the prefent day, we may trace the rude begin* 
nings from whence the art has fprung. The rich and gaudy 
plumage of birds, the finely fpottca (kins of animals, co- 
loured (tones, and fuch other fubftances as nature herfeif 
fupplies, would afford the firft materials for favage finery 
and drefs. The caps and mantles of the chiefs of the South 
Sea iflands, fuch as were brought home by captain Cook, 
are composed almott wholly of feathers richly coloured. 

It is eafy to conceive that accident muft furnifli innumer- 
able inftances of observation even to the eye of a favage, 
that many of thefe colours were capable of imitation, and 
that fome fubftances readily imparted their colour to others. 
The bruifing of a fruit, a flower, or leaf, is one of the moft 
natural and obvious occurrences to which we (hould look for 
the firft notion of applying vegetable juices to dyeing, and 
doubtlefs the knowledge of the tingent properties of vari- 
ous herbs was thus early acquired. The art, however. 
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mull have waked the progrefs of induftry and luxury, be * 
fore it became extended and improved. Long antecedent, 
however, to the period when authentic hiftory begins, it 
ittuft have made confiderable progrefs. Mofes fpeaks of 
ftuffs dyed blue, and purple, and fcarlet, and of (hcep-ikina 
dyed red. Thefe colours require great (kill in the prepa- 
ration, and the knowledge of them implies a very advanced 
ftate of the art at that period. 

The colour which appears to have been earlieft brought 
to perfection, and which was held in fuch high eftimatton 
among the ancients, is purple. It was to chance alone, ac- 
cording to the tradition of antiquity, that they owed this 
difeovery. A (hepherd’s dog, inftigated by hunger, having 
broken a (hell on the fea fhore, his mouth became ftained 
with fuch a colour as excited the admiration of all who faw 
it. They endeavoured to apply it to ftuffs, and fucceeded. 
There is fome difcordance in the details of the ancient wri- 
ters of the circumftance8 of this event. Someplace this 
difeovery in the reign of Phoenix, fecond king of Tyre, that 
i/j to fay, a little more than 500 years before Chrift : others, 
«t the time that Minos the firft reigned in Crete, about 1439 
years before the Chriftian era. But the greateft number 
agree in giving the honour of the invention of dyeing pur- 
ple ftuffs to the Tyrian Hercules. He gave his firft trials 
to the king of Phoenicia, who was fo jealous of the beauty 
of this new colour, that he forbade the ufe of it to all his 
fubjefts, referving it for the garments of royalty alone. 

Some authors relate the ftory differently. Hercules’s dog 
having ftained his mouth with a (hell, which he had broken 
on the fea (hore, Tyras, a nymph of whom Hercules was 
enamoured, was fo charmed with the beauty of the colour, 
that (he declared to her lover (he would fee him no more' 
till he brought herafuit dyed the fame. Hercules thought 
of a way to fatisfy his miilrefs ; he collected a great num- 
ber of the (hells, and fucceeded in ftaining a robe of the 
colour the nymph had demanded. Such are the different 
traditions banded down by the ancients of the origin of the 
purple dye. They are evidently blended with fiction, yet 
they may ferve to fix the epoch of this difeovery, which 
appears to have been made about fifteen centuries before the 
Chriftian era. Whether the purple of Tyre was (smilar to 
that mentioned in holy writ, as ufed by Mofes for the veft- 
ments of the high prieft, and the ornaments of the taberna- 
cle, may admit of fome difpute, fince it is nut certain, ac- 
cording to M. Huet, that the word argaman , of the Hebrew 
text, which all the interpreters tranflate by purpura , means 
in reality that colour. 

The teftimony of Homer confirms the antiquity of this 
difeovery. This great poet and accurate obferver, aferibes 
to the heroes of that age, in which we have fuppofed it be- 
came known, ornaments and cloths of purple. 

The ancients had fuch an efteem for this colour, that it 
was efpecially confecrated to thefervice of the deity. Mo- 
fes, as we have juft obferved, ufed ftuffs of purple for the 
works of the tabernacle, and the habits of the high prieft. 
The Babylonians gave purple habits to their idols 5 it was 
^he fame with moft of the other people of antiquity. The 
Pagans were even perfuaded that the purple dye had a par- 
ticular virtue, and was capable of appeafing the wrath of 
the gods. 

Purple was alfo the diftinguiftiing mark of the greateft 
dignities from the earlieft times. We have feen that the 
king of Phoenicia, to whom tradition fays the firft effays of 
this colour were prefen ted, had it referved for the fovercign. 
Among the prefents which the Ifraelites made to Gideon, 
the fenpture makes mention of purple habits found among 
ihe (polls of the kings of Midian. Homer gives us plainly 
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to underftand, that it only belonged to princes to wear this 
colour ; and we may remark, that this cuftom was obferved 
by all the nations of antiquity. 

It is not eafy to give a clear and precife idea of the procefs 
followed by the ancients in the production of this highly 
valued colour. We find fome details in the works of Arii- 
totle and of Pliny, in whofe days the practice was very 
common, but they are not fufficiently circumftantial. The 
purple dye, according to Pliny, was drawn from many fpe- 
cies of (hell fifti. The belt were found near the iHe where 
New Tyre was built. They (iftied for them in other parts 
of the Mediterranean. The coafts of Africa were famous 
for the purple of Getulia. The coafts of Europe fupplied 
the purple of Laconia, which was held in great efteem. 

In the 36th chapter of his feventh book, Pliny ranges in 
two claffes the different kinds of (hell fi(h which produced 
the purple. The firft comprehended the fmaller fpecies 
under the denomination of buccinum , from their refemblance 
to a hunting horn ; the fecond included thofe denominated 
purpura . Thefe Fabius Columna conceives to have been 
alfo diftinguifhed by the generic name of murex 9 though 
others fuppofe this to have fignified all the different fpecies 
generally. All thefe feveral fpecies, the chief of which are 
enumerated by Pliny, appear to have given colours of dif- 
ferent (hades, from which, by mixture of the liquors in va- 
rious proportions, other varieties of colour were produced. 

A few drops only of this precious dye were obtained front 
each fifh, by extracting a white vein placed in the throat $ 
but to avoid this trouble with the fmaller fpecies, according 
to Ariftotle and Pliny, the whole filh was bruifed in a mor- 
tar, a practice which, according to Vitruvius, was often 
followed with the larger. The liquor, when extra&cd, was 
mixed with a confiderable portion of fait, and fu (Fried to 
remain three days ; after which it was diluted with five .or 
fix times its quantity of water, and digefted, moderately hot, 
during ten days, in a lead or tin veffrl, (kimming it fre- 
quently, to feparate all impurities. The wool was after- 
wards put in, being well wafhed, cleanfed, and properly 
prepared. After foaking five hours, it was taken out, 
carded, and again immeried in the boiling dye, till all the 
colour was taken up or exhaufted. To produce particular 
(hades of colour, nitre, urine, and a marine plant called 
fucus, of which the beft kind is found on the rocks of the 
i(le of Crete, were occafionally added. 

The Tyrians, by the confeffion of all antiquity, fucceed- 
ed beft in dyeing ftuffs purple. Their procefs differed a 
little from what we have related above. They ufed nothing 
to make their colour but purple (hells taker, out at fea. 
They made a bath of the liquor they drew from thefe fifties. 
They fteeped their wool in this a certain time, and after- 
wards took it out and fteeped it in another boiler, in which 
was nothing but buccina or trumpet fifti. This is all the 
ancients tell us of the prafitice of the Tyrians. Wool, which 
had received this double Tyrian dye, (diabapha) was fo 
very coftly, that in the reigu of Auguftus, eacri pound fold 
for 1000 Roman denarii, about 36/. fterling. Nor need we 
wonder at this exceflive price, when we confider the tedious 
nature of the procefs, and the fmall quantity of dye afforded 
by the (hell fifti, from each of which not more than a (ingle 
drop was obtained. For yolb. of wool they ufed no lefs than 
20oibs. of the liquor of thebuccinum, and loolbs. of that 
of the purpura, or 61 bs. of liquor to lib. of wool. We 
ought not to be much furprized, therefore, that this colour 
vied in value even with gold itfelf. The ancient writers 
diftinguifti many different (hades of purple. One of them, 
which Was very dark, appears to have been a kind of violet, 
inclining towards a reddilh hue. 44 Nigrantis rofae colore 
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fublucens,” Pliny, lib, 9. fee. 50. Another, lefg efteemed, 
was a kindoferimfon. «« Rubens color, nigrante deterior,” 
lib. 9. fee. 62. The molt valued of all, and in which the 
Tyrians particularly excelled, was a deep red purple, of the 
colour 0/ coagulated blood. u Laue ei iumma in colore fan- 
uiniu concreti,” Pliny, ibid. It is in allufion to this that 
iomcr and Virgil give to blood the epithet purple . There 
was a fourth kind known in later times, very different from 
thofe we have fpoken of. The colour was whitifh ; an 
account of which may be fecn in Perrault’s tranflation of 
Vitruvius. 

The purple has been almoft every where a m$rk of dif- 
tin&ion attached to high birth and dignity. It was an or- 
nament of the firft pfiice.s of Rome 5 but luxury, which was 
carried to great exccfs in that capital of the world, rendered 
the ufe of it common amon^ the opulent, till the emperors 
referved to themfelves the right of wearing it. Soon after- 
wards it became the fymbol of their inauguration. They 
appointed officers to fuperintend the mamifa&oriet, princi- 
pally eftablifhed in Phoenicia, where it was prepared folelv 
for their ufe. The punifhment of death was decreed againft 
all who fhould have the audacity to wear it, though covered 
with another colour. The penalty, fo tyrannically denoun- 
ced againft this whimfical fpecies of treafon, doubtlefs occa- 
fioned the lofsof the art of dyeing putyle ; firft in the Weft, 
but much later in the Eaft, where it fiourifhed coniidcrably 
till the eleventh century. 

It appeal that fome 'kinds of purple preferved their co- 
lour for a very long time* Plutarch, in his life of Alexander, 
relates that the Greeks found in the treafury of the king of 
Ferfia a great quantity of purple which had not loft its 
beauty, though it was 190 years old. 

It is commonly afTerted, on the authority of moft of the 
ancient writers, that the purple had a very ttrong and dif- 
agreeable odour. It would appear, however, from Pliny, 
lib. 9. fee. 36. tlia t this was the cafe only with fome parti- 
cular kinds. After extolling the beauty of the true purple, 
and allowing that it was juftly an objeft of ambition, he 
afks, ho>w it happens that the other kinds of purple, ob- 
tained from the fhell fifh called concbylia , fhould be fo high 
priced, coniidering the (linking difagreeable odour which 
the Huff* have that are dyed with them. 

After all, the boafted purple of antiquity was a miferable 
dye compared with many which we now poffefs, and affords 
a ftrong proof of the imperfeft (late of the art at the period 
when it was held in fuch efteem. It was, no doubt, the 
moft rich and brilliant colour then known. 

It is a curious fa&, that Mr. Bruce, whofe acquaintance 
with ancient authors ought to have convinced him of the 
contrary, maintains that the Tyrian purple* was produced 
with cochineal, and that the ftory of its being the blood of 
a fhell-fifh w*s invented and propagated by the Tyrians with 
a view of deceiving other nations, and keeping the art of 
dyeing this colour exclufively to themfelves. He even 
adduces this as a proof of the early intercourfe carried on 
with the new world, in times long antecedent to thofe in 
which wc fuppofe the difeovery oF the continent of America 
was fisft made* 

The ancients obtained from the coccus , now known by the 
name of kermes, a colour which was ahnoft as highly 
efteemed as purple, and which was fometimes mixed with 
It. Pliny informs us it was employed in the preparation of 
the imperial robes. It was generally called fcarkt, and 
was fometimes confounded with the purple. The ufe of 
the coccus in dyeing is very ancieqt, unce it appears from 
the commentators, to be alluded to in Exodus, chap, xxxix. 
ter. u and 28* 
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Our materials for a hiftory of the Art of dyeing, during 
the ages of claflical antiquity, are very fcanty. Amongit 
the Greeks the ufeful aits were degraded even in the eyes of 
philofophers, and this contempt descended to the Romans ; 
tor Pliny, fpeaking of dyeing, avowedly neglc&s the de- 
scription of operations which are unconnefted with the libe- 
ral arts. “ Nec tingendi rationem omififfimus, fi unquam ca 
liberalium artium fuiflet.” 

The art of dyeing among the Greeks appears to have 
made no great progrcla; the drefs of the people was of cloth 
which had received no dye, and which might be wafhed* 
The rich preferred coloured clothes ; they efteemed fuch as 
were dyeu fcarlet with the kermes, but they valued ltill 
more highly thofe of purple* 

The few details relative to dyeing into which pliny has 
entered in his great work, are almoft wholly confined to the 
purple, of which we have given an account. The few fcat- 
tered fafts to be met with, that ferve at all to illuftratc the 
hiftory of the art, we (hall briefly notice. Some varieties 
of colour, derived from the purple, and produced by dif- 
ferent mixtures of the various kinds of fhell-fifh, and alio by 
admixture with the dye of the coccus, or kermes, appear 
to have been fafhionabie in^Pliuy’s time. Thefe originated, 
according to our author, in the errors and failure of the 
dyers, who having, In the firft inftance, fpoiled their cloth, 
endeavoured to hide the defc&a by giving it another (hade : 
hence arofe thofe compound twicc-dyed colours which were 
foon held in high repute. 

Befides the Tyrian purple, fcarlet, and the varieties and 
compounds of thofe colours, Pliny mentions yellow as a 
very ancient dye, and highly efteemed in former times. The 
veil which the bride wore on her wedding day was of yellow, 
and none but women were permitted to ufe it. They had 
alfo a colour refembling the cyanos, or blue-bottle, and 
another like the golden yellow flower elichryfon. None of 
thefe colours, fays Pliny, were known, or at lead in requeft 
in the days of Alexander the Great ; for the Greek writers, 
who wrote foon after his deceafe, make no mention of them. 
They are evidently, however, of Greek origin, as appears 
from their names, which, though Greek, were current in 
Italy in Pliny’s time. 

The ufe of vegetable dyes appears to have been in a great 
meafure unknown to the Romans ; though the inhabitants 
of Gaul, according to Pliny, imitated all colours, even the 
Tyrian purple and the fcarlet, with the juice of certain 
herbs. In the eleventh chapter of the thirty-fifth book of 
Pliny’s hiftory, is preferved a valuable notice of the procef# 
followed by the Egyptians in dyeing linen. They uaiued, 
fays he, white cloth, not with colours, but willi certain 
drugs, which have the property of abforbing them, but 
which exhibit no appearance of any dye till they have been 
boiled fomc time in a cauldron, from which they arc with- 
drawn painted or ftained of various colours. What is moft 
extraordinary, fays Pliny, is, that the cauldron containing 
only colour of one kind fhould impart to the cloth fhades of 
various hues according to the nature of the drugs which 
were laid on, and the colours are fo fixed that they can 
never be wafhed out, but are more durable and fixed than 
if they had never been immerfed in the boiling dye. 

We have here a tolerably accurate defeription of the pro- 
cefs of calico printing ; and the only mention in any accent 
author of an art which has exifted for ages pad in the Eaft, 
and is pra&ifed there at this day, probably with little varia- 
tion frotn the mode described by Pliny. 

The tut of dyeing linen appears not to have been known 
in Greece .before Alexander’s invaflon of India, where they 
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*7ed the falls of lug veffelsof different colours. The Greeks 
teem to have borrowed this art from the Indians. 

We may form fome idea of the ftate of the art of dyeing 
.amongft the Romans, from the enumeration of the different 
colours which were in ufe, and the fubftances employed in 
producing them. In addition to thofe enumerated by 
rPliny, we find, that in the equeftrian games of the circua, 
tfhe different divifions were dillingwiflted by the colours 
green f color prafinus 5 orange , rufatus ; grey, venetus ; 
and white. We fhall enumerate, after Mr. Bifchoff, who 
has minutely examined the fubjeCt, the ingredients em- 
ployed at that time in the art of dyeing, in addition to the 
two important ones already mentioned, the purple fifh and 
coccus. 

1. Alum. It is probable, from what we fhall ftate here- 
after, that tho ancients were unacquainted with our alum in 
it3 ftate of purity. 

2. Alkanet. Suidas fays, that this fubftance was alfo 
ufed by women as a paint. 

3. The blood of. birds, which was ufed amongft the 
Jews. 

4. The fucus ; that of Crete was preferred, and it was 
generally employed as a ground or preparative for valuable 
colours. 

5. Broom. 

6. The violet, from which the Gauls prepared a kind of 
purple. 

7. Lotos medicago arborea ; fnail trefoil ; the bark was 
ufed in dyeing fkina, and the root in dyeing wool. 

8. The bark of the walnut-tree and the peel of the (hell. 

9. Madder. We are not certain whether the madder of 
the ancients was the fame as ours, or another root of the 
fame tribe. 

10. Woad (glaftum). This plant was undoubtedly in 
ufe among the ancients, but we do not know whether their 
preparation of it was the fame as ours. 

We are not to infer, however, that thefe were the only 
fubftances employed by the ancients in the art of dyeing ; 
many more being, in all probability, in ufe, of which we 
have no account. Indigo (indicum nigrum) is mentioned 
by Pliny, and though fome doubts have been entertained by 
his commentators refpefting the true nature of this fub- 
ftance, fome fuppofing it to have been Indian ink, yet it is 
very evident he meant the indigo of the moderns, from the 
purple fmoke which ,he fays it emitted when ftt on fire, 
and which we believe is peculiar to indigo. It was never, 
however, we believe, employed in dyeing, but limply as a 
pigment. 

India was the nurfery of the arts and fciences, which 
were afterwards fpread and perfefted among other nations. 
Accidents, which had a tendency to improve the art, 
could not fail to be multiplied rapidly in a country rich in 
natural produftions, which requires little labour for the 
fupport of its inhabitants, and the population of which was 
favoured by the bounty of nature and the fimplicity of man- 
ners, till it was oppofedby the tyranny of fuccceding con- 
querors. But religious prejudices, and the unalterable divi- 
sion into call 8, foon put (hackles upon induftry 5 the arts 
became ftationary, and it would feem that the knowledge 
of dyeing cotton in that country was as far advanced in tne 
time of Alexander as it is at prefent. 

The beautiful colours which we obferve in their printed 
calicoes, would lead us to fuppofe that the art of dyeing 
had then attained a high degree of perfe&ion, yet we find, 
from the details of thole who have witneffed their operations, 
that the Indian proceffes are fo complicated, tedious, and 
hnperfe&, that they would be impracticable in any other 


country, on account of the difference in the price of labour. 
The art of printing calicoes has been pradifed in India at 
lead twenty-two centuries; for the hiftorians of Alexander's 
invafion ot that ill-fated country fpeak of their flowered 
cloths or chintz. If they excelled therefore in the richnefs 
and brilliancy of two of three colours; it is to be attributed 
to the fuperior quality of fome of their dyes, peculiar to 
their own country, the effeft of which was perhaps height- 
ened by the length and multiplicity of their operations. The 
knowledge of this art appears to have fpread over a con- 
fiderable part of Afia. It was pradifed, and is to this day, 
by the Perfians ; and we have feen that in Pliayfetime, it 
was cltablifhed in Egypt. 

From the fifth volume of the u Memoires concernamt 
l 9 Hi (Loire, lea Sciences, les Arts, les Mceurs, &c. dcs 
Chinois,” it appears, that wool was never worn in China 
but as a fubftitutc for fur, and that cotton and filk, being 
the only fubftances ever dyed by the inhabitants* received 
all their colours from vegetable tingent matters ; that their 
colours were principally red, blue, violet, and what is called 
a woad colour; and that under the three firft dynattiel 
the bulinefs of dyeing was chiefly pradifed by the female 
part of each family, fonts own particular ufe ; and it pro** 
bably continued to be pradifed without any thing like prin* 
ciple or fciencc until near the end of the feventh century, 
when the Chinefe difearding their own, borrowed the art 
and means of dyeing which were then in ufe among the 
Indians aud Perfians ; and it is faid, that alum and copperas, 
which the Chinefe did not ufe before, were among the 
mean 8 fo borrowed ; a fad which renders it probable, that 
there was little, if any thing, in the Chinefe art of dyeing, 
of which the Lofs need now be regretted. 

It appears, however, that long before this time a know* 
ledge of the ufes of alum and of iron in dyeing had fpread 
from Hindooftan and Perfia weft ward to Egypt, and thence 
to Greece and Rome. Bergmann, indeed, and after him, 
Beckmann, have reprefented the alum of the ancients as dif- 
ferent from the cryftallized fait of the moderns ; and have 
fuppofed that the varieties of alum mentioned by Diofcorides, 
were ftaladites, containing hot little alum, and confiding 
chiefly of calcareous earth. Nature, however, does produce 
fome, though but little, cryftallized alum, particularly in 
Egypt and fome parts of Ana; and it probably was in this 
ftate that its good effect in dyeing had been Bril obferved, 
before mankind were led to the means and operations 
fince employed for feparating and collecting it from the 
various aluminous ores. Bergmann informs us, that the fac- 
titious fait which is now called alum, was firft difeovered in 
the eaftern countries, and that among the moft early works 
eflablifhed for the preparation of alum, we may juftly number 
that of Racckoy a city in Syria, now called Edeffa, hence 
the appellation of roeh alum . He adds, that Bartholomew 
Perdix, or Pernix, a merchant of Genoa, who had been at 
Roccho, difeovered the matrix of alum in the iiland of 

Ifchia, about the year 1459, and eftablifhed a manufactory 
there ; at the fame time, John de Caftro, who had vifitea 
the manufactories at Conftantinople, difeovered a matrix' at 
Tolfa, b.y means of the ilex aquifolium, which he had alfo 
obferved to grow in the adjacent mountains of Turkey-; 
and his opinion was confirmed by the tafte of the (tones* 
The attempts made by the Genoefe at Viterbium and at 
Volaterre fucceeded extremely well ; and the preparation of 
it in Italy foon increafed wonderfully faft. The firft manu- 
factory of alum in England was eftabli(hcd in the reign of 
Elizabeth, at Gi (borough, by oae Thomas Chaloner. 

In the fifth century au the arts were loft throughout the 
Weft, except a few, which in a ftate of decay were pre&rved 
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in. Italy; and no trace# were left of knowledge, indufhy f 
6 r humanity. 

Muratori quotes a manufeript of the eighth century, in 
which we find a defeription of fome dfes, principaBy for 
(kins, ami fome proccrfcs conne&ed with the arts; but the 
Latin, which isalmoft unintelligible, and the chafms we find 
here and there, prevent us from being able to form a juft 
idea of thefe proccflcs. 

The arts wei<? better preferved in the Eaft, where articles 
of luxury were procured by fome of the great, even fo late 
as the twelfth century. During the crulades, the Venetians 
domed their power from the barbarous mania of the age : 
their commerce increafed; t lie arts were eltabli filed among 
them, and improved by the induftry of the Greeks, and 
fpread from thence through the* other parts of Italy. In 
tlic year 1 3 38, Violence contained two hundred manufac- 
turers, who are faid to have made from feventy to eighty 
thou rand pieces of cloth, which, as an objedl of commerce, 
were worth twelve hundred thoufand crowns of gold. 

It is faid that archil was accidentally difeovered by a 
Florentine merchant, about the year 1300. Having ob- 
ferved ^hat urine imparted a very fine colour to a certain 
fpecios of mofs, he made experiments, and learned to prepare 
archil. He kept his difeovery fecret a long time ; his 
pofterity, a branch of which ftill exifts, according to 
Dominique Manni, have retained the appellation of Ruc- 
cellai, from oreiglia, the Spanilh term for that kind of 
mofs. 

The arts continued for a long time to be cultivated in 
Italy with increafing fucccfs. In the year 1429, the fir ft 
collc&ion of the proceflrs employed in dyeing appeared at 
Venice under the name of M Mariegola del’ arte dei tentori 5” 
a fecond edition, much improved, came out in 1510. A 
certain perfon, named Gioran Ventura Rofetti, formed the 
defigty of rendering this defeription more ufeful and exten- 
five. He travelled through the different parts of Italy, and 
the adjacent countries, where the arts had begun again to 
fiourifn, in order to make himfelf acquainted with the 
various proceffes employed, and he publifhed, under the 
title Pliftho de I'arte de tentori, ” See . a collection which, 
according to Mr. Bifchoff, is the firft that united the dif- 
ferent proceffes, and which ought to be regarded as the 
leading flop toward the perfection which the art of dyeing 
has attained. This work was printed at Venice/ in 1548 ; a 
French tran flation of it appeared at Paris in 17 16. It is 
lemarkable that in the work entitled u PliCtho,” not a 
word is faid either of cochineal or indigo; from which we 
piay conclude that thefe two dyes were either unknown or 
»g.t employed at that time in Italy. 

The firft indigo ufed in Europe appears to have been 
brought from the Eaft Indies by the Dutch. India was 
doubtiefg the country where that valuable fubftance was 
firft produced. Thc*uncivilized inhabitants of other coun- 
tries have, indeed, difeovered modes of obtaining colouring 
matter, very nearly refembling that of indigo, from other 
plants, as the ifatis tin&oria, or wrad, and the genipa 
americ#na, but they obtained thefe matters in a liquid 
form only, and employed them in their recent ftate. 

The natives of India, however, went farther, they pre- 
cipitated and colk&ed, in a ary folid form, the colouring 
matter of indigo, and difeovered the means of afterwards 
diffolving and applying it to fluffs. In Africa, the Man- 
dingo negroes, according to Mr. Park, dye their cloth of a 
lading blue colour, by the following fimple procefs. The 
leaves of the indigo, when frefh gathered, are pounded in 
a wooden mortar, and mixed in a large earthen jar, with a 
it rung ley of wood afhes ; chamber-lye is fojnetimrs. added*. 
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The cloth is fteeped in this mixture, and allowed to remain 
until it has acquired the proper (hade. In Kaarta and Lu- 
damar, where indigo is not plentiful, they coiled the 
leaves an<i dry them in the fun, and when they wi(h to ufe 
them, they reduce a fufficient quantity to powder, and mix 
it with the lye as before. u Either war,” fays Mr. Park, 
44 the colour is very beautiful, and equal to the beft Indian- 
or European blue.” The ufe of indigo was known to the 
Mexicans before the arrival of the Spaniards, and Clarigero, 
in bis hiftory of that country, gives an account of the 
method of obtaining it. Hernanaes had long before dc- 
/bribed the plant as being indigenous in Mexico, and em- 
ployed by its ancient inhabitants ; and Ferdinand Columbus, 
in his 44 Life ofChriftopher Columbus,” mentions it as one 
of the native plants of riifpaniola. What the abb6 Raynal 
therefore afferts, of its being tranfplanted frou\ the Eaft 
Indies to America, can be true only of one fpecies, the indigo- 
fera tin&oria, Linn. The manutadiifc of indigo, however, 
was not eftablifhed in America till fome time after the difeo- 
very of that country 5 and on the plant which produces it 
being recognized by the Portuguese in Braail as identical 
with that from which indigo was extra&ed in the Eaft In- 
dies. The ufe of indigo, which was a great acquifition to 
the art of dyeing, was not eftablifhed without confiderable 
difficulty. It was ftri&ly prohibited in England in *the 
reign of Elizabeth, as was alio logwood, whicji was ordered 
to be burned if found in any manufactory. This prohi- 
bition was not taken off till the reign of Charles II. 

In like manner the ufe of indigo was proferibed in 
Saxony, in the edid againft it, which brings to one’s 
mind the edid againft the employment of antiinonial 
emetics ; it is fpoken of as a highly corrofive colour. 
This is a ftrikiug example of the errors into which an 
unenlightened adminiftration may fall, which liftens to the 
fuggeftions of interefted individuals. Thole who dyed blue, 
ana were accuftomed to ufe paftel and woad, reprefented 
that indigo would deftroy the fale of thofe two articles, 
which were the produce of the country. Such a rcafon, 
which would appear fpecious to many, even in the prefent 
day, eafily produced a prohibition which would be foon 
eluded by paying a tribute to the induftry of other nations. 
The prejudice againft indigo was like wife communicated to 
France, and Colbert’s inftrudions forbade the ufe of more 
than a certain quantity in the paftel vats. 

Cochineal was another important acquifition to the art of 
dyeing, for which we are indebted to the firft conquerors of 
Mexico. The Spaniards, having obferved that the inhabit- 
ants of Mexico employed cochineal in painting their houfes 
and dyeing their cotton, gave their government an account 
of the beauty of the colour; and Cortes, in the year 1523, 
was ordered to promote the increafe of the valuable infect 
from which it is obtained. The natural colour, however, 
which the' cochineal gives, is but a dull colour. Soon after 
cochineal was known in Europe, a great chemift of the 
name of Kufter, Ku filer, or Ktpfler, found out the prefent 
procefs for dyeing fcarlet by means of a folution of tin, and 
carried the fecret to London in the year 1543. See 
Cochineal and Scarlet. 

The ancients applied the name fcarlet to the colour ob-. 
tained from kermes, which was much inferior in beauty to 
the colour we diftinguifh by that appellation. We probably 
know how to employ the kermes to greater advantage than, 
they did, fince we poffefs a pure alum which difpofe# the 
fluff to receive a more beautiful and durable colour ; yet 
our dyers have almoft entirely difcontitiued the ufe of k». 
becaufe they can obtain from cochineal a colour beyond all 
compxrifou more beautiful* The fuppofition, that the 
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colour which we obtain from kermet is preferable to that 
obtained by the ancients, is fupported by the teftimony of 
Pliny, who infinuates that it was not a durable colour j now 
the colour we give by means of kermes to wool prepared 
with alum, is exceedingly durable* The difeovery of 
fcarlet may be conlidered as the mod important era in the 
art of dyeing, as it introduced to our knowledge the folu- 
tion of tin, fincefo varioufly and happily applied. A Fle- 
mi(h painter, called Gluck, got poileffion of this fecret, 
and communicated it to Gobelin. The knowledge of the 
procefs afterwards fpread throughout all Europe. Gluck 
travelled into the Ealt, where there were Hill fome remains 
of Grecian induftry, aud afterwards fettled in Flanders, 
where he fpent a long and profperous life. According to 
bdr. F rancheville, this man, who had been fo ufeful to his 
country, died about the year 1 550. 

For a long time Italy, and efpecially Venice, poflefied 
the art of dyeing almoil exclullvely ; a circumflance which 
contributed to the profperity of their manufaftures and 
commerce : by degrees it was introduced into France. Giles 
Gobelin, to whom the prccefs for making the true fcarlet 
had been communicated, cilabliflied a manufactory in the 
place which (till bears his name j and this undertaking was 
deemed fo ra(h, that it was termed Gobelin's folly . 

The attention of the Royal Society appears to have been 
early dire&cd to the improvement of the art of dyeing. At 
a meeting of that learned body 011 the 30th of April, i66a, 
Mr. Hook was defired to t ran (late into Englilli, a work on 
dyeing, which appears to liave been that already mentioned 
under the title oi Pli&ho. On the fame day alfo, lir William 
Petty, one of its earlieft and moft active members, in eon- 
fequence of a previous requeft from the fociety, brought 
in “ An Apparatus to the Iliftory of the common pra&ices 
of Dyers,” which was afterwards printed in “ Dr. Spratt*s 
Hiftory of the Royal Society,** and feems to have been the 
firft work publifhed in the Englifh language on the precedes 
and operations of dyeing. Nearly two years afterwards 
Mr. Boyle prefented to the fociety his “ Experiments and 
Confiderations touching Colours.’* And on the loth of 
Auguft, 1664, it was ordered by the fociety, «« that the 
way of fixing colours fhould be recommended to Mr. Howard, 
Mr. Boyle, and Dr. Merritt.** Thefe, and efpecially the 
two firft, were amongft the moft diftinguifhed members of 
the fociety ; but it does not appear that any thing defending 
of notice was done in confequence of this recommendation. 
However, at a meeting of the fociety on the 1 ith of No- 
vember, 1669, that very ingenious and ufeful member, 
Mr. Hook, produced a piece of calico ftained after the way 
contrived by himfclf, which he was defired to profecute in 
other colours befides thofe that appeared in this piece ; 
and accordingly on the pth of the following month, Mr. 
Hook produced another fpeeimen of ftaining with yellow, 
red, green, blue, and purple colours, which he faid would 
endure walking with warm water and foap. But from this 
time it does not appear that any thing confiderable was done 
for nearly the fpace of a century by men of fcience in this 
country towards the improvement of the arts of dyeing and 
calico printing. 

In France, however, the minifter Colbert, anxious to 
extend the commerce and manufactures of his country, 
which had languilhed during the ftormy adminiftrationa of 
RicUieu and Mazarin, turned his attention particularly to 
the art of dyeing. He invited the moft fkilful artifts, re- 
warded their talents, and eftablilhed many manufactories ; 
and it is curious to remark* that thofe of Vanrobais and 
Sedan were called, in the letters patent which were granted 
them, manufacturers of fine cloth after the Dutch aini 
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Englilh falhion. In 167a, he pubhfhed a Table of It> 
itruCtions for Dyeing, under the title of “ General lutlruc- 
tions for dyeing Wool and woollen Manufactures ot all 
Colours, and for the Culture of the Drugs or Ingredients 
employed in them.** This, however, was not iutouded 
merely to diffufe information, but as a legiflative ad, to 
controul the dyers in their operations. This work merits 
attention ; we (hall liril notice the reafon which he gives for 
confidering the fubieCt as one of great importance. 

“ If,** fays Colbert, “ the manufactures of lilk, wool, 
and thread are to be reckoned amongft thofe which mpft 
contribute to the fupport of commerce, dyeing, which gives 
them that ftriking variety of colour by wnich th'ey refemble 
what is moft beautiful in nature, may be conlidered as the 
foul of them, without which the body could foarcely exilL 
Wool and filk, the natural colour of which rather indicates 
the rudenefs of former ages, than the genius and improve- 
ment of the prefent, would be in no great requeft if the art 
of dyeing did not furnifh attrad'ons which recommend them 
even to the moll barbarous nations. All vifible objeds ate 
dillinguilhed and recommended by colours, but for the pur- 
pofes of commerce it is not only neceffary that they Ihould 
be beautiful, but that they Ihould be good, and that their 
duration fhould equal that of the materials they adorn.** — 
But Colbert, though he inftituted many ufeful regulations 
for the inftrudion of the farmer and the artill, impofed a 
fyftcm of prohibition and left rain t IV exceftivc, as almoft to 
bar all future improvement. He divided the dyers into 
two daffes, to one of which were confined the colours 
deemed durable and fixed, whillt the other clafs was allowed 
only to meddle with thofe which were confideied fugitive. 

In the dyeing of black cloth lie infilled that the operation 
Ihould be begun by the dyers in grain, or thofe who gave 
the durable colour, and fmifhed by thofe who produced the 
falfe one. Each was confined to a certain number of ingre- 
dients, and neither were fuffered to have Brazil wood, and 
various other articles. The bad effeds of this prohibition 
were moderated by the facility of eluding it, and by the 
rewards bellowed on thofe whofe experiments promoted 
the progrefs of the art, and whofe difeoveries were af- 
terwards to be publifhed, and to modify the cxilling re- 
gulations. 

French induflry loft its pre-eminence by the criminal re- 
vocation of the edi£t of Nantz, which carried defolation 
into her manufadtories, and difperfed her workmen, and the 
knowledge of her arts, throughout all Europe. 

Since that time the department of admiuiftration, charged 
with the fuperintendence of the arts and manufa&urcs, has 
conftantly fought to repair thofe errors, and to encourage 
induflry and exertion by the diffufion of knowledge, which, 
under wife laws, is the moft efficacious means that can bo 
employed. 

Dufay, Hellot, Macquer, and Berthollet, have been fuc- 
ceflively charged with the care of improving the art of 
dyeing $ and tq their labours all Europe is indebted for moft 
valuable acquiiitions. 

Dufay amended, or rather fuperfeded, the Inftrue- 
tions, &c.” of Colbert, by the publication of a new- one, 
under the adminift ration of M. d’Orry, in 1739. He ap- 
pears to have been the firft who entertained juft, though in- 
complete, ideas of the true nature of colouring fubftancet*, 
and the caufe of their adhefion to ftuffs when dyed. In his 
“ Obfemtions phyfiaues fur le melange de quelques couleura 
dans le tin&ure,** Mem. de FAcadem. 1737, he obferves. 
that colouring particles are naturally difpofed to adhere, 
more or lefa firmly, to the filaments which receivfe them ; 
and he remarks very juftly, that without this difpofuion 
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Huffs would never affume any colour but that of the bath, 
and would always divide the colouring particles equally 
with it ; whereas the liquor of the bath fometimes becomes 
as limpid as water, giving out all the colouring matter to 
the Huff, u which feems to indicate,” fays he, u that the 
ingredients have left at tr allien for the water than for the par* 
tides of the wod.” He alfo noticed, the difference in the 
degree of att rati tun which different fubjlances , as wool and 
tottQii,excit on the fame colouring matters , and which' he 
found fo great, that aikain of each having been in an equal 
degree fubjefted to the operation for dyeing fcarlet, the 
woollen yarn was found to be fully and permanently dyed, 
while .the cotton retained all its former whitenefs. Yet 
thefe fa<3s, important as they were, to the foundation of a 
theory of the art of dyeing, were unproductive in his hands; 
for though fatisfied with the explanation they offered of 
many phenomena, yet they left, fays he, fo much to be 
yvifhed for, that he would relinquifh it readily, if a more 
probable ope could be found. He appears to have had no 
idea of the other and more important caufe of the permanency 
Qf colours, that which arift 3 from the ufe of mordants, or 
the interposition of a fuitable balls, pofftffing a particular 
attraction both for the colouring matter and dyed jubilance, 
and .aCting as a bond of union between ♦hem. He exa- 
mined, with great fagacity, certain proceffcs, and eflablifhed 
the fureft methods that could at that time be employed for 
determining the goqdnefs of a colour, and this he did in an 
eafy and familiar manner. His labours, on the whole, en- 
title him to the gratitude of pofterity, and he muy juitly lay 
ejaim to the merjt of having firlt difeovered and enunciated 
the, fafts, and of having drawn fome partial conclufions 
from which the true theory of dyeing was fome years af- 
terwards clearly apd luminoufly deduced. 

He. was fucceeded by Hellot, to whom we are indebted 
for one of the belt practical treatifes on the art of dyeing 
wool and woollen cloths now extant. This work is valu- 
able for the accuracy w^h which the numerous proceffcs 
are deferibed: without profiting, however by the hints 
thrown, out by his prcdeceffors, he fuffered himfeif to be 
milled by a vague and groundless hypothefis, on the caufe 
of the aahefion of the colouring particles to the fubflance 
dyed, the aCtion of mordants, and the difference between the 
true, or durable, and falfe or. fading dyes. Of his theoreti- 
cal ideas, and the principles he laid down, fome judgment 
may be formed from the following paffage taken from his 
work. *? I believp it may be laid down gs a general prin- 
ciple in the art of which I am now treating, that all the 
i^vifible mechanifm of dyeing confifts in dilating the pores 
of the body to be dyed, in depofitiug in them particles of 
foreign matter, and retaining them there by a kind of co- 
vering not liable to be affected by water, rain, or the rays 
of the fun ; in choofi ng colouring particles of fuch a degree 
of finenefs as to be rendered fufliciently fi$ed in the pores 
of the fluff opened by the heat ot boiling water, and again 
con drifted by cold, and alfo coated by the kind of varnifh 
which the falts, employed in its preparation, had left in 
thofe pores ; whence it follows that the pores of .the fibres 
of the wool which has been wrought, or is to be wrought 
into cloth, fhould be cleanfed, enlarged, coated over, and 
then conitrifted, fo that the colouring particles may be re- 
tained in them nearly in the fame manner as the diamond is 
retained in the collet of a ring.” He fancied that he could 
difeern in every dyeing procefs fome means by which ful- 
phate of pot-afh, then called vitriolated tartar, might be 
formed and this neutral fait not being readily foluble by 
cold water, nor air, nor light, he conceived the whole art 
of dyeing to coniift in firlt dilating the pores of the fubftance 
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to be dyed, fo as to procure a copious admiflion of colppr* 
ing matter, divided by/i fuitable preparation into atoms, 
and then wedging or fattening thefe atoms within the pores 
of the dyed fubtlance, by the fmall particles or cryftals of 
this difficultly foluble fait. Upon this mechanical hypothe* 
fis, he fuppoied that alum, became ufeful in dyeing, not by 
the pure clay or alumine which it contains, but by furnifh- 
ing fulphuric or vitriolic acid, to affift in forming the ful- 
phate ofpot-afh, which was to perform the important func- 
tion of wedging or faftening the colouring atoms. But 
though nothing could be more groundlefs than fucM theory, 
the learned in ah countries appear to have been fatisfied 
with it for a confiderable length of time, it being always 
lefs troublcfome to believe than to make experiments.— 
Macqucr followed next. He has given us an exaft deferip- 
tiou of the proceffcs employed in dyeing filk, and his prac- 
tical treatife, publifhed m 1763, is held in deferved eftima- 
tion. He has made us acquainted with the combinations of 
the colouring principle of Pruflian blue ; he has endeavoured 
to make an application of it to the art of dyeing, and has 
given us a procefs for communicating the moft brilliant Co- 
lour to filk, by means of cochineal. Macqucr intended to 
have publifhed a general treatife on the art of dyeing, the 
profpedius of which he iffued in the year 1781, but the.in- 
difpofition which fo long preceded hi> death, prevented lijs 
engaging in it, and he died in 1784. before he had been 
able to carry info cfFeft any part of his plan. It is fur- 
prifmg that Macquer, who was an excellent chemift, and 
among ft the firfl w ho entertained correft ideas of the nature 
of chemical affinity fhould have been feduced by the hypo- 
thetic of Hellot. “ I fhould now,” fays he in his treatife 
on dyeing filk, " explain the aftion of mordants, and unfold 
the can fes of durable and fading dyes ; but this fubjeft has 
beeu treated with fuch fagacity by Mr. Hellot, that I fhall 
refer the reader to him.” Bergman n feems to have been the 
firlt who referred the phenomena of dyeing entirely to che- 
mical principles. Having dyed fome wool and filk in a 
dilute iblution of indigo in fulphuric acid, he explains the 
effects he obfvrved in the operation, by attributing them to 
the precipitation occafioued by the blue particles having a 
llrongcr attraction for the particles of the wool and filk than 
for thofe of the acidulated water ; he remarks, that this 
attraction of the wool is fo ftrong as to deprive the liquor 
entirely of the colouring particles, but that the weaker at- 
traction of the filk can only diininifh the proportion of 
thofe particles in the bath ; and he fhews that both the du- 
rability of the colour, and the degree of intenfity it is ca- 
pable of acquiring, depeitd on thefe different attractions. 
This is the true light in which the phenomena of dyeing, 
which are purely chemical, fhould be confidered. Dufay 
had advanced thus far, but overlooked the importance of 
his own fimple truths, in the fearch after more recondite 
and complicated caufes. But the peculiar aftion of mor- 
dants was Hill unexplained, except on the wild hypothefis 
of Hellot, till our countryman Mr. Keir, the ingenious 
tranflator of Macquer’s Chemical Dictionary, fuggefted, 
“ that in dyeing, the earth of alum was precipitated, and in 
thi3 form attached to the material prepared or dyed.” Mac- 
quer foon after adopted the opinions of Bergmann and Keir, 
and in the fecond edition of his diftionary, under the arti- 
cle Dyetng , publifhed in 1778, treated the fubjeft in a more 
extended manner, and proved that he had formed juft con- 
ceptions of the nature and ufes of alum, and of different me- 
tallic folutions, as mordants in dyeing. Bcrthollct fucceed- 
ed next to the place of truft which had been fucceflively held 
by Dufay, Hellot, and Macquer, a poft which he has held, 
and (till holds, with diftinguifhed honour to himfeif, and 
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advantage to his country In a feriee of memoirs, * inferted 
in the Tranfa&ions of the academy, the Annales de Chimie, 
and Journal de Phyfique, he has examined various points of 
chemical theory conne&ed with the art of dyeing, and al- 
moil all his labours have fince been directed to this objcCl. 
In 1791, he publifhed his elements of the art of dyeing in 
2 vols. 8vo. a work which has contributed more to the pro- 
grefs of true theory and the general improvement of the art, 
than any other treatife whatever. This work has been trans- 
lated into Englilh by- Dr. Hamilton, and afecond edition 
of the original, with confidcrable additions, appeared in' 
1803^ Every thing which a liberal and enlightened go- 
vernment could do for the encouragement and progrefs of 
the art, has been done in France, and this folieitude has 
been crowned with the fuccefs ,it merited. Mr. Anderfon 
attributes the fuperiority which certain articles of French 
manufacture maintain over thofe of other nations, who pol- 
fitfs the moft beautiful wool, to the perfection of their dyes ; 
and Mr. Home is of opinion, that the French arc indebted 
to the academy of fcieuces for their fuperiority in many of 
the arts, and efpecially that of dyeing. Perhaps another 
caufe. of the alleged fuperiority of the French over other 
nations in the art of dyeing, may be difeovered in the pe- 
culiar nature of their manufactures. Silk, of all other fub- 
ftances, feems bed adapted to the difplay of line and bril- 
liant dyes, and it conllitutes, in all its various forms, a large 
portion of the manufactures of France. We may look, 
therefore, to the dye-houfes of Lyons, as well as to the 
academy of fciences, for the caufe of that fuperiority which 
is now gradually declining. We have already fnolten of our 
countryman Mr. Keir, as the firft who fuggefted the true 
theory of mordants, which was afterwards extended and 
improved by Macquer. The worthy preiident of the lite- 
rary and philofophical fociety of Manchefter, Mr. Henry, 
fometime after, read a paper to the fociety, fince publifhed 
in the 3d volume of their Memoirs, “ On the nature of wool, 
filk, and cotton, as objeCfs of the art of dyeing 5 on the 
various preparations and mordants requifite for theft? different 
fdbftauces, and on the nature and properties of colouring 
matter.* 1 This paper, which is replete with new and in- 
genious views of the nature and objeCfs of dyeing, may be 
confidered as amongft the firft attempts in this country to 
reduce to fyftem and theory the iubjcCt of which it treats : 
Mr. Henry, in thefe Memoirs, firft pointed out the pecu- 
liar nature of the aluminous mordant of the calico printers; 
he (hewed that by double decompofition an acetite ot 
alumine was formed, and explained the caufe of its fupe- 
riority over the fulphate of alumine, which confifts in the 
fubftitution of a volatile vegetable acid in lieu of the 
fulphuric. 

In the year 1794, Dr. Bancroft publifhed his “ Experi- 
mental Refearches concerning the philofophy of permanent 
colours, and the belt means of producing them by dyeing, 
calico printing, Sc c.” which may be considered as the firft, 
and indeed only original work on the fubjeft which this 
country has produced. This work, as the title indicates, 
is rather an experimental than practical treatife : it contains, 
however, much valuable information, which the practical 
dyer may apply in many cafes with confiderable advantage, 
and is alfo uleful as containing a hiftory of all the different 
fuhftances of which it treats* and an account of the labours 
of Macquer, Dufey, Hellot, Berthollet, and others, in 
this field of fcience. It is to be regretted, that the work 
is ftiil imperfeft, the firft volume only having yet appeared. 
The fecond, which was intended to comprehend all the re- 
maining adjeftiVe colours and colouring matters, not treated 
4>f in the firft, particularly thofe very mterefting ones which 
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are derived from the tribe qf madders, can hardly, after 
an internal of fifteen years, looked for with confidence. 

Dr* Bancroft firft pointed out the true aftion of tartar in 
the procefs for dyeing fcarlct, and clearly proved that the 
nitre-muriate of tin, or any folution of tin alone, produced 
a crimfon only 5 and that the addition of tartar produced a 
fcarlet, by the converfion of a portion of the crimfon colour- 
ing matter of the cochineal, to a pure yellow. 0n this ob- 
fervation he founded an improvement in the fcarlet dye, 
which confided in communicating to the cloth, by means of 
quercitron bark, and any fuitablc mordant, fuch a (hade of 
yellow as would produce, with the crimfoq of the cochineal, 
a true fcarlet By .this procefs he expe&ed to fave all that 
cochineal which he conceived to be expended in the pro- 
duction of the yellow : the trials on the large fcale, how- 
ever, we are informed by Dr. Bancroft, did not juftify the 
expectations he had formed, of the importance of tike pro- 
cels. 

A more important and lading fcrvice, however, he has 
rendered to the art of dyeing, by the introduction of the 
quercitron bark, a drug which is now become of fuch ge- 
neral and acknowledged utility, as to fuperfede almoft every 
other kind of yellow colouring matter whatever. For the 
hillory of this lubltance, and other particulars refpeCting its 
introduction, wc mult refer to the article itfelf, under the 
head Quercitron Bark. 

Though we have to record no brilliant difeoveriea or im* 
provements in the praCtice of dyeing, within thefe few 
years, yet the art has continued progreflivcly to improve, 
the different proceffes have been Amplified and amended % 
and what fume years ago was confidered a matter of chance 
and uncertainty, is now reduced to fixed principles. 

The dyeing of Turkey red is now fully underftood and 
praCtifed in this country, with a fuccefs at lead equal to 
that of any other. The procefs has, with fume modifica- 
tions, been applied lately to the dyeing of piece goods, and 
the red thus produced furpalLs in beauty and durability, all 
other colours which it is poflible to fix on cotton. But it 
is not our intention here to enter into a hiftory of all the 
minor improvements that have been made in the art of dye- 
ing ; they will be treated of at large, during the progrefs 
of the work, under their refpr Clive beads. 

Dyking, the Laws relating to, arc as follow : Dyers (hall « 
dye both the cloth and the lilt, or forfeit it. 1 R, III. cap. 41 
No dyer may dye any cloth with archil, or with brazil, to 
make a falfc colour in cloth or wool, &c. on p^in of twenty 
(hilhngs. Stat. 3 & 4 Edw. VI. cap. 2. Dyers arc to fix 
a ftal of lead to cloths, with the letter M, to (hew that they 
are well maddered, &c. or forfeit three fhillings and four- 
ptnee ; and not to ufe logwood in dyeing on pain of forfeiting 
twenty pounds. Stat. 23 Eliz. cap. 9. And penalties arc 
infl died on dyers, who dye any cloths deceitfully, and not 
being dyed throughout with woad, indigo, and madder ; alfo 
marks (hall be put to the cloth dyed, See . Dyers in London 
are fubjtd to the infpedion of the Dyers’ company, who 
may appomt fe arc hers ; and out of their limits, juftices of 
peace in ft (lions to appoint them : opgofihg the fearciiera 
incurs ten pounds penally, £7 fiat. 13 Geo. I.c. 24. 

Dyeing^ in a more extenfive fenfe, is applied to all kinds 
bf colourings given to bodies of any foit. 

In which fenfe, dyeing amounts to the fame with colora ? 
tion; and includes ftaining, painting, gilding, marbling, 
printing, &c. The Chincle are faid to pra&ile the dyeing 
of tea with catechu, which gives the word forts of green 
tea leaf the colour, and its infufion the tinfture of Mica, 
Short. Diffcrt. on Tea, preft'p. 15. See Tea and Cate* 

CHU. 
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The forti of dyeing no# commonly ufed in vulgtr trade* , 
are i. Whitening of wax, and feveral forti of linen, and 
cotton cloths, by the fun, air, and reciprocal effufions of 
water. See Bleaching. 2. Staining of wood and leather 
by line, fait, and liquori, ai in (lives, canes, marble, lea* 
then, marquetry, &c. }. Marbling of paper by tempering 
the colouri with ox gall, and applying them upon a ftiff* 
gummed liquor. See Paper. 4. Colouring, or rather 
difcolouring fillet, tiffanies, &c. by brimttone. 5. Colour* 
ing feveial iron and copper works into black with oil. 6. 
Giving leather a gold colour, or rather dyeing filver-leavea 
like gold, by varmfhes; and in other cafes by urine and 
fulphur. 7. Staining of marble and alabafter, with heat, 
ana coloured oils. 8 Tinging%lver into brafs with brim* 
ftone or urine. 9. Colouring the barrels and locks of guns 
blue and purple with the temper of fmall-coal heat. to. 
Colouring glafs cryltals, and earthen-ware with the rults 
and folutions of mctala. See Pottery, &c. ji. Co- 
louring live hair, as in Poland, both horfe and man’s hair ; 
and alfo of furs. 12. Enamelling and annealing. See Ena- 
melling. 13. Application of colours, as in the print- 
ing of books and pictures ; and the making of playing cards, 
japanning, See. See Printing, Cards, and Japanning. 
14- Gilding and tinning with mercury, block tin, and fal 
ammoniac. See Gilding and Tinning, ic. Colouring 
metals, as copper with calamine into brafs, and with 
tine or falt-pctre into falfe gold, or into falfe Giver with ar* 
fonic. See Calamine, Brass, Zinc, Arsenic, Sec. 
16. Making painters’ colours, by preparing of earth, chalk, 
and dates, as in umber, oker, Cologn earth, &c. out of the 
calces of lead, as cerufs and minium ; by fublimatcs'of mer- 
cury and brimftone, as in vermillion ; by tinging of white 
earths varioudy, as in verditer, and fome of the lakes ; by 
concrete juices or fxculz, as in indigo, pinks, fap -green, 
and lakes : and by ruffs, as in verdigris, See, See Ceruss, 
Minium, Vermillion, Indigo, &c, 17. The applying 
of thefe colours by the adhefion of ox*gall, as in the marbled 
paper aforefaid ; or by gum*water, as in limning : or clammy 
drying oils, as the oils of linfeed, nuts, fpike, turpentine, Sec. 
See Painting, Limning, Sec, 18. Watering of tabbies. 
See Watering, Calender, Tabby, Sec. Petty. Appar. 
Hift. of Dyeing, ap Sprat. 

plafs dyed is the common matter of artificial jewels : the 
tinftures are given with zaffer, manganefe, ferrtto, crocus 
martis, &c. The proceffes are deferibed at length in Anto* 
nio Neri, de Re Vitrario, lib. i. cap. 12, 13, 14, ftq. See 
Glass, Gem, Sec. 

The Peruvian women, when grown ojd, dye their grey 
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hairs black by a very untoward operation, viz. holding the 
head fome hours with the hair (upped in a boiling tin&ure 
of the root of a tree called cucbau, by the Spaniards maguey, 

Dyeing of Hats, is done by boiling a hundred pounds of 
logwood, twelve pounds of gum, and fix pounds of galls, in 
a proper quantity of water for fome hours j after which 
about fix pounds of verdigris, and ten pounds of green vi- 
triol are added, and the liquor kept fimmering, or of a heat 
a little below boiling. Ten or twelve dozen of hats are im- 
mediately put in, each on its block, and kept down by crofs 
bars for about an hour and an half ( they are then taken 
out and aired, and the fame number of others put in their 
room ; the two fets of hats are then dipped and aired alter- 
nately, eight times each ; the liquor being rcfrelhed each 
time with more of the ingredients, but in lefs quantity than 
at tirft. This procefs affords a very good black on woollen 
and talk fluffs as wtll as 00 hats. Com. Phil. Tech. p. 428. 
See Hat. 

Pyeing, or pining of wood, for inlaying, watering, Wc, 
Rtd is done by boiling the wood in water and alum; tlun 
taking it out, adding brazil to the liquor ; and giving the 
wood another boil in it. Black, by brufhing it over with 
logwood boiled in vinegar, hot ; then wslhing it over with 
a decoftion of galls and copperas, till it be of the hue re- 
quired. Any other colour may be given by fqnetzirg out 
the moifture of horfe-dung through a fieve, mixing it with 
diffolved roch slum, and gum-arabic ; and to the whole 
adding green, blue, or any other colour defigned. After 
Handing two or three days, pear-tree, or other wood, cut to 
the thicknefs of half a crown, is put into the liquor boiling 
hot, and fuffered to remain till it be fufficienlly coloured, 
Park. Treat, of Japan, chap, xxvii. p. 82, 

Dyeing of bone, horn, or ivory. Black is performed by 
(leeping brats in aqua fortis till it he turned green : with 
this the bone, &c. is to be waffled once or twice ; and then 
paiiri a decoftion of logwood and water, warm. Green is 
begun by boiling the bone, Sec. in alum-water 1 then with 
verdigris, fal ammoniac, and white wine vinegar ; keeping it 
hot thtrein till fufliciently green. Red, is begun by boiling 
it in alum-water, and (iniffied by decoftion in a liquor com- 
pounded of quicklime deeped in rain-water, drained, and to 
every pint an ounce of brar.il wood added : the bone, Sec to 
be boiled therein till Efficiently rtd. Other methods are given 
by Salmon. And from him by Houghton. Park, lib.cit. 
p. 8 j. Salm. Polygraph, lib. iit. cap. 35. p. 275. Hought. 
Colleft. N° 138. tom. i. p.361. See Bones, Horn, 
Ivory, Sec. The refufe of the Bow dyfc, given to hogs to 
feed on, is (aid to tinge their very bones red. 



Dynamometer 


DYNAMOMETER, (from Swaps, power, and pTfWf 
/ meafure % meaning a mcafurer of power,) is the name of 
an inftrument intended for meafuring the mufcular ftrength 
of men and other animals. An inlirument of this lcind was 
fome years ago, invented by. Mr. Graham, and was after- 
wards improved by Dr. Defaguliersj but it was too bulky, 
and too limited in its ufe ; io that it was foon neglefted. 
Mr.Le Roy of the Academy of Sciences at Paris, conftrufted, 
foon after, a much more ufeful inftrument for the fame pur- 
pofe* It confided of a metal tube about a foot long, placed 
vertically on a foot like that of a candleftick, and containing 
in the infide a fpiral fpring, having above it a graduated 
(hank terminating in a globe. This {hank, together with 
the fpring, funk into the tube more or lets, in proportion 
to the weight which preffed upon the globe at the top of 
the fhank, and the graduation* of the latter indicated the 
quantity of it. Therefore, when a man's ftrength was to 
be tried by means of this inftrument, the man needed only 
prefs upon the above-mentioned globe with all his power, 
and the graduation of the (hank indicated the quantity of 
that power, viz. it (hewed the number of pound* weight 
to which it was equivalent. 

Mr. Regnier, at Paris, at the inftigation of Melfirs. Bttffon 
and Gueneau, contrived another fort of dynamometer* It 
confifted chiefly of an elliptical fpring a foot long, and 
rather narrow. It was covered with leather, that it might 
not hurt the band which compreffed it. The ftrength 
of this fpring was fuch as to exceed that of any animal to 
which it might be applied ; and it contained an index with 
• mcchanifm which indicated how much it was comprefled ; 
or, which is the feme thing, it indicated the quantity of the 
power which comprtfled the fpring. Therefore, when a 
perfon wilhed to meafure his power by means ot this ma- 
chine, he was obliged only to comprds the elliptical fpnrig 
with all his force, and to obftrve the quantity of that force 
as pointed out by the index of the machine. (See le Journal 
de PEct^e Polytechnique, vol. ii.) Both the ufe and the 
couftruftion of the laft dJcribed machine were much ex- 
tolled ; but, upon a drift examinati' n, it does not appear 
that it was fuperior to Le Roy's contrivance. 

Since the above was made public, nothing peculiarly 
ufeful has been offered for the putpole of mtaluring the 
ftrength of animals. Yet upon the whole it feemp, that the 
common well known fpring fteel-yard # though not intended 
exprtfsly for that purpofr, is the belt inftrument for mea- 
furing the ftrength of men and other animals. In principle, 
it is nothing more than Mr. Le Roy's contrivance ; but under 
a much more commodious form. It has a ring at otic end, 
and a hook at the other. By endeavouring te> poll tbofe pail* 


from each other, a graduated rod comes out ol the external 
tube, and (hews the force which has been apphtd to it. 
Therefore, by fattening the ring to an immoveable objeft, 
and the hook to a man, or horfe, 8c c. by means of a rope 
orotherwife, the ftrength of the man or oilier animal may 
be eafily afeertained. See Spring Steelyard. 

It certainly is a dclirable thing to know the various mnf* 
cular power of men and animal?, dpecially of fuch as art to 
be employed for work of various kinds; and upon the whole 
a pretty good eftimate may be obtained from the ufe of the 
above-mentioned machine. Yet, it muft beobftrvcd, that 
a determination of this kind is influenced by a variety of cir* 
cumftances, which tend to render the rehilt inaccurate or 
equivocal. For inftancf, a man is much ftronger than an* 
other man in his hand<, whilll that other man is much ftronger 
than the former in his legs. One can carry a great weight upon 
his head; another can pull a great weight after him, that is, 
drag it over the ground, and fo forth. Nearly the fame 
tiling may be remarked with refpeft to other animals. But the 
mofl material circumftance is the duration of the exertion, 
viz . certain men, and efpecially fuch as are young and well 
fed, but not much ufed to work, are capable of immenfe 
exertion during a minute, or an hour, or even a day ; but 
they are incapable of enduring a longer duration of labour; 
whiift others go on with a uniform daily exertion during 
weeks and years. The fame variety in the length of the 
exertion takes place in other animals, efpecially fuch as are 
more commonly ufed for labour, viz . horfes, mules, oxen, 
camels, 3c c. 

Fig, i . Plate XXVI. Mechanic /, reprelcnts one of the whip- 
pletrees, to which two horfes or oxen can be applied, the covet 
of the meebanifm being removed to explain its internal ftruc* 
ture. A A is the main whippletree, having a hoQk at a to back 
it to the plough, &c., and two othersto conned it with two 
(hort whippletrees B, B, by which the cattle draw ; the hook 
a is fattened to a ftraight bolt b> Hiding freely through holes 
in two pieces of iron plate </,/; a pin is put through the 
end of the bolt to prevent it being drawn quite through at e\ 
a circular plate of iron is pinned fall upon the bolt b, between 
which, and the fixed plate d, a fpiral Heel fpring is placed* 
which has a ftrong tendency to elongate itfelf, and draw the 
hook to the machine: h is a (hort rack fattened to the iron 
plate *, and turning a fmall pinion on the back of the 
index i, which points out the divifions on the arc k* The 
divifions are made by fufpending weights from the hook a\ 
theft comprefs the fpring in proportion to their weight, and 
the rack moves the index i ; the valoe of each weight being 
marked on the arc k at the place pointed out by tnc index t 
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of Cf'urffjwhen the horfes are barp.efled to the whippletrees 
B, B, and the plough, or carriage, to t he ho~k a, the mo* 
tion of the index denotes the force of their draught. 

Fig. 2. it another machine on the fame principle as the 
laft, but is contrived fo as to require a very delicate fpring, 
which is found to be more fenfibie than a large one, and to 
keep itsehfticity longer: this it accomplilhed by having the 
hook a formed into two eyet at the other end, to receive the 
pivots of the lever l, whole fulcrum, or fixed centre, it at d\ 
at the other end of the lever it it conneded by a Ihorc iron 
link e, to a fecond lever /, of which g is the fulcrum : h it 
the fprmg barrel, exa&ly the fame as the other machine, but 
much fmaller, being only to weigh about $olb. inftead of 
j cwt . ; its fpindle is attached to the lever/, and is moved 
thereby when the hook a it drawn : the fpindle of the fpring 
hat a rack i fattened to it, which moves a fmall pinion, on 
whofe arbor the index to the dial-plate is fixed : the dial plate 
is in this machine a whole circle, deferibed in the figure by 
a dotted circle, with large divifions lor hundred weights, and 
fubdivifiont for the quarters. By means of the levers the 
power exerted on the hook is fo far diminifhed, that the fmall 
fpring of 50 lb. will ferve to weigh a quantity equal to 6 cwt . ; 
and by increafing the fpring a little, and altering the levers, by 
throwing the hooks nearer the centres, and lengthening the 
levers, it may be made to do for 1 2 cwt. The mechanifm is 
covered over with an iron box, to defend it from injury. 

This machine is the invention of Mr. Robert Salmon, 
Woburn, Bedfordfhire, and they are now manufa&ured by 
Mr. Shepherd, implement-maker, Woburn. 

This article is alfo the mod proper place to deferibe a 
method, employed by Mr. Salmon, to meafure the force 
requifite to give motion to a threlhing and Hour mill at 
Woburn-Park farm, belonging to the duke of Bedford. 
The mill was originally worked by a horfe-wheei, adapted 
for eight horfes or oxen, though it is now worked by a 
fteam-engine ; but the horfe-wheei Hill remains. It is re- 
relented in Jig. 3, where A A is the main vertical (haft, 
aving pivots at both ends, one of which works in a brafs 
fecket, fupported on beams, a, a, laid on the ground ; 
and the other in a brafs bearing, bolted to the a beam, 
which it framed between two girders, B, B, of the floor 
above. D is the rim of the wheel, containing the cogs j it 
is compofcd of three thicknelfes fattened together, and is 
fupported by fixteen arms, F, from the enlarged part of the 
fhaft at £, and braced by fixteen beams, L, extending 
from the lower part of the fhaft to the middle of the arms. 
The horfes or oxen draw from upright pieces of wood, a, a, 
bolted to the arms, F, and braced by long iron bars from 
the adjoining arms. Eight of the arms are furnilhed in this 
manner, for the oxm to work the wheel : they walk upon a 
circular road at G G, on the level of the ground, while the 
(baft is funk in a pit walled round, to give a greater length 
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of (haft, that the oblique braces may have more effeft. 

The method in which Mr.Salmoo applied a dynamometer 
to this wheel was at follows : a piece of board, b, was ex* 
tended between and nailed to the two uprights, a, a, by 
which the oxen drew j in the middle of the board a large 
pulley, g, was fitted, turning very freely, and upon as fmall 
a pivot as was, confident with ftrength ; another pulley, J, 
was fufpended from the arm of the wheel near the centre ; 
a fmall foft rope was patted over both pulleys, hanging 
ffralght down from the pulley, <1, and terminating in a double 
hook, and after patting round the pulley, g, was tied to the 
middle of a Ihort round (lick. Four of the arms were fitted 
up in this manner, and two men were placed at each, holding 
the flick in their hands behind them. Mr. Salmon .placed 
himfelf in the pit, being provided with a number of weights, 
fome of which he hooked on the hooks at the end at the 
rope. He then dirc&ed the men to proceed forwards, ih 
the track formed by the feet of the cattle, drawing the rope 
after them. Their aftion raifed the weights, and canfed the 
wheel to follow ; but where the weights were drawn up to* 
wards the pulley d, Mr. S. added more weight, until it was 
fo adjulled that the wheel moved round with its proper velo- 
city, without the weights riling or falling above any point 
at which they were placed. The futn of thefe weights now 
fhewed the power required to move the mill ; and the motion 
might be continued as long as was nrerflary to obtain a fair 
refult. By this method, any fudden jerk or exertion, which 
the men might make, would not be communicated to the 
wheel, as it would only draw up the weights, which would 
defeend again, when the men relaxed their ttrain. 

The mill was employed in threlhing ; and as this is a very 
unequal kind of work, it was often neceflary to hook on 
more weights, to overcome the refiftance occafjoned by 
feeding the machine : for it mutt be obferved, that no more 
power could be applied to the wheel than the fum of the 
weights, as it was only through the medium of horfea that 
the men exerted any power at all upon the wheel. 

The velocity of the wheel alfo depended upon the weights, 
for the heavier they were the quicker it would follow the 
men, who* were dire died to move at fuch a pace, as the 
wheel feemed to take, that the weights might not defeend 
by their going too flow, or afeend by their going too fall. 
The wheel’s velocity was meafured by a watch wh'ch Mr. S. 
had in his hand ; and each turn of the wheel was denoted to 
him, by a nail which was drove in the rim of the Wheel 
(hiking a piece of tin plate nailed up againft the wall. If 
he found by the watch the wheel was moving too (lowly, he 
applied more weight, or vice verfa, until the proper wtight 
was found. Mr. Salmon made many experiments in this 
manner, on the force required to thratti different kinds of 
corn, of which we (hall give the refults under Threshing 
Mill. 



Eliquation 


ELIQUATION, or Liquation, in Metallurgy^ is an 
ingenious procefs of feparating filver from copper by means 
of lead, which appears now, however, to be very little em- 
ployed ; but a (hort account of it may be here given. 

When rough unrefined copper contains filver in the pro- 
portion proper for this operation, it is firft melted with 
a large quantity of lead, and the mixed alloy is call into 
loaves or conical maffes. Thefe arc then fet in a furnace 
on an inclined plane of iron, with a fmall channel grooved 
out and heated to a degree juft below that of the melting 
point of the alloy, during which the lead melts, or, as it 
were, fweats out of the loaf, carrying with it the fiiver, and 
the copper is left behind as a reddifh black fpongy mafs. 
Thislaft is properly the procefs of eliquation. The filver- 
holding lead is then purified on a cupel, in the way which 
will be described under the article Silver. 

Eliquation can only be performed with certain proportions 
of the three metals concerned in the procefs. According to 
Cramer (Docimafia pradtica : proceffus 48), every naif 
ounce of filver requires 17 lbs. (or 544 times its weight) of 
lead for its extraction from copper by a fingle eliquation ; 
and on the other hand, the lead fhould not be more than 
about four times the weight of the copper, otherwife the 
mafs will prove too fufible, and the whole loaf will melt 
down at the heat necefiary for the extra&ion of the lead and 
filver. On the other hand, if the lead is lefs than about 

times the weight of the copper, the loaf of liquation will 
not yield all the lead in one procefs, and much of this me- 
tal, and along with it part of the filver, will remain after the 
operation. 

The above data (allowing four times as much lead as 
copper) would therefore give for the due proportions of the 
alloy 544 parts of lead, 136 of copper, and one of filver. 
Other mctallurgifts diminifti the lead fomewhat, malting it 
to the copper only as ix to 3. 

The whole procefs of liquation is deferibed at length in a 
valuable paper by Duhamel, in the Memoir ei de r Acad, 
for x 788, from which the following is a ftiort extraft* 

The lead and crude filver-holdiog copper, being duly; 
proportioned, are thrown into a high blaft furnace, the 
floor of which is lined with a mixture of clay and charcoal* 
rammed hard, and laid in an inclined dirc&ion, fo as to con- 
vey the melted metal into a feparate receptacle. The crude 
copper is firft broken in fmall pieces when hot, and affayed* 
to determine the proportion of filver. Either lead or 
litharge is ufed in the mixture 1 if the latter, it is mixed 
with charcoal to promote its reduction, and x 20 parts oE 
the litharge are taken as equivalent to 100 of lead. The 
furnace being firft heated by itfelf for fome hours, a bafleet 
full of the fcorisc from the firft reduaion of the copoer ore 
is thrown in, which foon melts, and forms a vitreous glazing* 
that proteAs the walla of the furnace from the violent aetton 
of the blaft. The mixed metals are then thrown inat inter* 
vals, and the whole foon melts into a triple alloy, which flown 


into the receptacle, whence it is tapped out into iron moulds* 
whereby it aflumes the conical Chape requifite for the fubfe- 
quent eliquation . The beat required in this firft operation ia 
muchicfs than that at which copper melts* fo that the fufipn 
and reduaion of the litharge go on fppedily, and in a well- 
managed furnace, (even loaves of liquation* each weighing 
about 35olbs., may be caft in an hour. 

The next proccU is the $U^uation t which is performed in 
a furnace conftrufted for the purpofe, ufually holding fix 
loaves, fet on iron bars, feparated from each other by bricks, 
and having a channel beneath to convey the fibre r-holding 
kad into a bafon as it melts out. The management of the 
heat is here of great importance. If the procefs goes on 
well, the lead flows out eafily, and the loaves gradually fink 
down, and become honey-combed, without lofing any fen* 
fible portion of their copper. If the heat is too great, par- 
ticles of copper are vifibiy carried down with the lead, which 
muft be immediately prevented by flackcning the fire. 
When the lead has ceafed to flow, the loaves are taken out, 
and when cold have a dark red colour and a crumbly tex- 
ture. It requires about four hours to eliquiate the loaves. 
The firft portion of the lead is always the richeft in filver, 
but whatever care is taken in the procefs a little of both 
filver and lead remains, together with part of the iron, ar- 
fenic, and other impurities of the copper. 

To colleft the fmall remaining portion of filver, a number 
of the porous loaves remaining after liquation are ranged 
in a kind of oven fo as nearly to till it, and are made mode- 
rately red-hot by the flame of wood drawing through it, by 
which a quantity of mixed metal and fcoriae drops down on 
the hearth, confiding of lead holding a little filver, of iron, 
folphur, arfenic, fome copper, and fcoriae. This mafs ia 
walked in a damping machine, by which the fcoriae are got 
rid of, and the metals alone remain, which undergo a fur- 
ther purification. When the dropping from the oven-fur- 
nace begins to be red and compaft, it is a fign that all that 
is heterogeneous to the copper, which can be extra&ed in 
this way, is got out, and tbe copper itfelf begins to melt. 
The loaves are then taken out, and appear varnifhed with a 
thick vitrefeent mafs, which, on dropping them into cold 
water, cracks in every dire&ion, aad when cold, may be 
knocked off with a hammer, leaving the copper confidently 
pure. This procefs lifts about 30 hours. 

The filver, now transferred to the lead, is afterwards re- 
fined in the ufutl manner. 

The procefs of eliquation, though highly ingenious, is 
expenfive and difficult to condu&, and requires a large fup* 
ply of lead. To perform it economically, it alfo requires 
a copper holding a pretty exaft proportion of filver, that is, 
from $ ds to $ths per cent, of filver, neither more nor lefs, and 
hence, where there are parcels of copper of greater or lefs 
richnsfs in filver, much judgment is exercifcd in mixing 
them in fuch proportions as to allow of eliquation with the 
lead expence. 
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ENAMELLING. The art of enamelling is of great 
antiquity, but of unknown origin. That it was pra&ifed 
by the Egyptians is evident, from the remains that have 
been obferved on the ornamental envelopes of mummies. 
From them it probably palled to the Greeks, and after- 
wards to the Romans, who appear to have introduced the 
art into this country ; as various Roman antiquities have 
been dug up in different parts of Britain, in which enamels 
have formed portions of the ornaments. That the Britons 
received the art from their conquerors may be conje&ured 
from the circumftance of enamelled trinkets having been 
found in Britilh barrows. That the Saxons pra&ifed it is 
certain, from the jewel found at Athelney in Somerfctftiire, 
and now preferved at Oxford; which jewel, as appears 
by the iufeription, was made by command of the great 
Alfred. The gold cup, given by king John to the cor- 
poration of Lynn in Norfolk, proves that the art was not 
loft under the Normans ; for the Tides of that cup are em- 
belli filed with various figures, whofe garments are partly 
compofed of coloured enamels. The tomb of Edward the 
Confeffor in Weftminfter Abbey, conftru&ed in the reign 
of Henry III., was alfo ornamented with enamels, pieces 
of which {kill remain. The beautiful crozier of the cele- 
brated William of Wykeham/ of the time of Edward III., 
may be alfo adduced as exhibiting fome curious fpecimens 
of the application of this art : and other examples might 
be pointed out, of its progreffive defeent to our own age. 

It would feem from the above brief review, .that an- 
ciently enamels were principally applied to the purpofes of 
ornament; but fmee the invention of clocks 1 and watches, 
their ufefulnefs has been proportionally increafed. For 
clock and watch dials there is probably no fubftance that 
could be fubftituted, that can equal enamel in permanence 
and beauty : in feveral refpe&s, it poffefles advantages even 
over the rich metals of fifver and gold. Within the laft 
30 or 40 years, an imitative enamel has been ufed, and, 
through the fcarcity of real enamel, is now in much demand 
for clock plates ; but it is by no means comparable with its 
prototype; for, being chiefly compofed of flake white, 
ground up with fpirits of turpentine, and afterwards mixed 
with copal vamnh, it will neither afifume an equal bril- 
liancy in colour, nor continue unchanged in different cli» 
mates; on tha contrary* the a&ion of the air occafions it 
to become dingy and yellow. Iu fa&, imitative enameTlirg 
is nothing more than a branch of the art of japanning $ 
which fee. 

The proceffes of enamelling have never been accurately 
de Scribed. The jealonfies thatexift in all arts in which any 
thing like a Scientific knowledge is wanting, operate to fe- 
clufjon. The praditioner conceals his information from 
motives of profit, and the amateur feldom acquires an in- 
fight fufficiently minute to enable him to unfold the modes 
of operatic!:. Whatever may be the defeds of the ptefent 
attempt, it will be found to contain a better account of the 
pra&ical branches of the art than has before appeared. 


Enamel' are commonly laid upon a metal ground, yet 
they havr been fometimes ufed in fubftance, for difhes, flower- 
pots, ornamental veffels, figures, vafes, &c. In thefe cafes, 
the enamel is run into moulds immediately from the pots in 
which it hrr; been incited. The metals employed to enamel 
on are gold, iilver, and copper. Of the other metals, fome 
are too fulible to endure the a&ion of the file, and the re- 
mainder, as platina, See. are, to ufe the language of the ait, 
too firong , for the enamel : that is, the adhefton between 
the two fubftances is not powerful enough to keep them 
together, the enamel cracking as it grows cold, ana flying 
off the metal in flakes. It appears, therefore, that a certain, 
however flight, degive of oxydation is neceilary to make the 
enamel and the metal unite with fuflicient firmnefs. Gold 
is unqueftionably the beft fubftance to enamel on, its rich- 
nefa of colour (bowing a beautiful tinge through the enamel ; 
yet the metal generally ufed, except for watch-cafes, and va- 
luable articles of jewellery, is copper ; aud that on account 
of its fuperior cheapnefs. Both the gold and the copper 
fliould be of the finer kinds, the others being too refra&ory 
to agree properly with the enamel. 

By the cuftom of the trade, rather than from any princi- 
ple of utility, enamelling is now divided into two branches, 
viz. dial-plate enamelling, and tranfparent enamelling. The 
former includes the manufacture of clock and watch plates, 
with fluxed plates for enamel painting, the latter compre- 
hends the enamelling of watch cafes, broaches, pins, and 
other bijoux : of late yeais the making of thefe leffer arti- 
cles has gradually grown into great dilufe in this country. 

DiaUrlate Enamelling , conftfts of the two divifions of 
hard-enamelling, and foft, or glafs enamelling ; in the firft 
branch, the Venetian enamels only are employed, in the laft, 
the Englilh or glafs enamels. The pra&ice of hard-enamel - 
ling requires more (kill, time, and labour than the others, 
and is confequently efteemed the moft. In preparing the 
metals to be enamelled on, whether of gold, filver, or cupper, 
the procefs is fimilar ; one defeription will therefore fuffice 
for the whole : — and firft of the making of watch dials. 

The copper being evenly flatted in long flips (which is 
done at the flatting mills between fteel rollers) and to a 
proper thicknefs, pieces are cut off for ufe according to the 
nze wanted* They are then aunealed in a clear fire, in 
order to make them fufficiently pliable to take the required 
forms which is given to them by means of dies. The dies 
are fmall circular plates of braf 9 evenly turned, varying in 
thicknefs, perhaps, from the fixteenth of an inch to an 
eighth, or more, accoiding to their diameter. Some of 
them are flat, others are hollowed out for the purpofe ot 
giving a flight curve to the copper, as the metal to be 
enamelled on is technically termed when prepared for ufe ; 
the edges of the dies are turned off in an oblique direction, 
and in the centre is a fmall hole, rather larger than that 
which is wanted in the dial-plate. A complete fet of dies 
varies in fize from about three-fourths of an inch to two 
inches and a half, the gradations being very finally perhaps 
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not more that! the thirty-fccond part, of an inch between 
each. 

The copper being cut with a pair of feiffars nearly to the 
fize required and properly annealed, is next placed on the 
die belt adapted for the purpofe, and the eye, or centre hole, 
is made. This is effe&ed by firft forcing up the copper into 
the hole of the die with a fmall round-headed punch ; by 
this means a fmall concave bulge is formed, the upper fide 
of which U then filed through with a fmooth grained file ; 
it is then again placed on the die, and prefied gradually 
open till it nearly fills the hole with an oval burniflier j it is 
afterwards prefled tighter into the hole with a round broach, 
the burr being occa finally taken off* by the file, and care 
employed to prevent the eye from cracking. The punch, 
burni flier, and round pin, arc all ot Heel ; the two latter 
taper in regular gradation towards the handles. 

When the eye is completed, the edge of the copper is cut 
round, fo as to leave a fmall part, probably about the thirtieth 
of an inch, projc&iug beyond the die. The projc&ing 
part is then turned up, or bumifhed, againft the edge of the 
die, the copper being full laid fmooth and flat by the 
bnrniflier. The turned-up edge of the copper is afterwards 
filed evenly round, and reduced to the proper height, accord- 
ing to the thickncfs of the b raft-edge, or rim, to which it is 
to be fixed when in the watch. The infidc byrr is then 
feraped off with a graver, and ttill further cleared away by 
means of a fcratch-bmfli : this latter tool is coir. po fed of 
fmall brafs or fteel wire tied together in a round bundle, 
about the fr/.cof the little finger. The purpofc for which 
the eye of the copper is formed, and the edge turned 
up, is to retain the enamel in its proper place, lo that the 
plate may be finiflied both fquare and neat. 

According to the kind ot watch to which the dial is to 
be applied, the copper, if for a feconds watch, mutt be kept 
almott flat ; or if for a watch where a greater fpace is 
wanting beneath, to give more fcope for the wheclf, mutt be 
raifed from the edge to the centre in a regular and exa£t 
manner. To efFeft this a fmall circular block Or fetting 
die is ufed, made of box or other hard wood turned out 
to the neccfiary degree of concavity, and having a hole in 
the middle to receive the eye of the copper when placed 
within the hollow of the block. The copper is then 
gradually fet up to the convexity or height required by 
rubbing it gently yet firmly with a bent, orfetting fpatula, 
formed of a thin flip of fteel, about five inches long, properly 
fixed. It is now ready to have the feet folderea on, by 
which it is to be pinned down to the brafs edge or frame 
of the watch ; and the places for the feet being marked on 
the back of the copper, through the holes drilled for the 
purpofe in the edge or frame, the feet are prepared for 
toldering. 

The feet are altfaysof wire of the fame kind of metal as that 
to be enamelled on, and the wire is drawn into different thick- 
jiefles, proportioned to the fize of the intended dial-plate ; 
thus varying perhaps from the tenth to the fixteenth of an 
inch. Jn the more common kinds of enamelling, the 
feet are generally cut off from filvtercd wire, that is, copper 
wire plated with filver ; the filver itfclf forming the folder 
when the feet and copper arc expofed to the united a&ion 
of the lamp and blow-pipe. In the beft kind of work 
plain copper wire is ufed, and the feet are fattened to the 
copper by means of fpeltre, or of filver folder. When fuffi- 
cient care is excrcifed, either of thefe modes is equally 
appropriate, but the feet foldered on with fpeltre take the 
firmeft hold ; thofe with the filvered wire the flighteft. The 
feet arc evenly filed, cither to a flat face, or an angular one, 
according to the defeription of copper for which they .are 
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wanted j and are eut off the wire into proper lengths by a 
pair of cutting-pliers or nippers. In order to make the 
Feet remain in their places, and facilitate the foldering, the. 
end of each foot, before putting it on the copper (which 
is done by means of a pair of corn -tongs or tweezers), is 
dipped into a flight wafli of borax and water, through 
which it adheres with fufiicicnt force to admit of its being 
expofed to the power of the blow-pipe. The lamp in 
common ufe contains from a pint to a quart of oil, and has 
a cylindrical fpout projecting* about thive inches, and being 
au inch or more in diameter. This fpace is filled with cotton, 
which being lighted, a good ftrong flame is produced. The 
copper is carefully placed upon a piece of folid charcoal, 
long enough to be held in the hand, and the flame being 
then propelled by the blow-pipe againft the folder, or ill- 
vered wire, as the cafe may be, the feet are firmly united to the 
copper. In this operation, attention mutt be given to the 
exact degree of heat required to fufe the folder, for fliould 
it be too powerful, the copper itfelf will melt at the fame 
inttant : caie mutt be taken alio that all the feet keep in 
their due places, otherwife the copper will not fit properly, 
and the feet mull either be cut off* and new ones foldered 
on, or much trouble will be found in drawing the holes of 
the brafs-edges or frames, to get the coppers into their proper 
centrical fituations. 

The copper being thus far advanced is thrown into the 
pickling-pan, in order to free it from the fcale or oxydable 
covering acquired from the heat. The pickle is either oil 
of vitriol, luflicicntly neutralized for the purpofe by water, 
or elfe a folution of the belt double aquafortis. When the 
fcale is enough foftenedto admit of its being removed 
by a foft brufli, ufed with water and a little white fand, the 
copper is taken out of tlfe pickle, and all the •impurities 
being walked away, it is dried by means of heat, or elfe with 
a foft cloth. In this 11 ate, the copper will generally re- 
quire to be again put into a proper fhape, by means of the 
brafs die, and fetting block, as it is fcarcely poflible but that 
fome irregularities will be produced through the operations 
lait deftn bed. It is alfo hardened in a flight degree by 
rubbing the under fide with the fetting fpatula, and the 
furface with the fcratch btulh. When 4 this is done, the 
copper is completed, and fit to be enamelled on. It is to 
lu> remarked, that when many coppers are prepared at once, 
much 'time is faved by turning off the edges by means of the 
lathe and arbour, inttead of by filing them -even in the man- 
ner detailed above. 

The above are the methods by which the common coppers 
are prepared; it is now lequifitc to deferibe what are called 
French edges , from their having been firft made in France. 
Thefe are of two kinds, the folid French edge and the laid- 
down French edge. To make the former, a piece ot cop- 
per is taken, either about a fixteenth or a twelfth t>f an inch 
thick, according to the diameter of the intended plate, and 
a hole being drilled ia the centre, the copper is placed upon 
an arbour, and fixed tightly by means of a fmall cone and 
fciew-nut fitted to the maundrcl. The arbour being then 
fixed upon a lathe, the edge of the copper is next turned off 
in an oblique dire&ion, iivclming inwards, with a graver, and 
the copper is then reduced to the proper tliickucfs for 
enamelling from the edge to the centre, by means of a fcorper 
and other tools ; thus leaving the edge folid, and taking care 
alfo that a fufficient fubftance is left unreduced round the 
cone, to form the outer circle of the eye. The laid-down 
French edge is made by preparing a copper in the common 
way from b thin flip, the edge being left rather higher than 
ufual, and then fixing it upon the arbour, when the edge 
of the copper being firft turned perfc&ly even with a 
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graver,, is next forcibly bent inwards by a fmall triangular 
tool, (perhaps formed from the end of a three-fquare file 
worn lmooth,) and afterwards fquared and finifhed by the 
graver and fcratch-brufh. It is in general neceffary to re- 
verie the coppers on the arhour, and turn a fmall portion of 
the under fide away, both of the folid and laid-down kinds, in 
order to make the edge of a due fharpnefs. The coppers are 
Jaflly fet up, and the feet foldered on, as before defcrlbed. 
French edges are moftly ufed for watches of a particular 
kind, where room is wanting, and the dials are fixed upon 
(he frames without a bra fs* edge. 

When a dial is made for a feconds’ watch, or for one re- 
quiring ftill more circles than two, the additional eye, or 
eyes, is made by marking the centres accurately with a point 
on the under fide of the copper, and then bulging the cop- 
per upwards with a fmall punch from each centre, by ftrik- 
mg it gently with a fmall hammer into apiece oflead, about 
three times thethicknefs of a die; the lead forms a fufficient 
rcliftance to prevent the eye from cracking, and is yet foft 
enough to admit of the copper being bulged up evenly. 
The fmall eyes are afterwards evened with the file, and 
opened with a fmall needle or round-pin to the required 
fize6. Some trivial variations in the mode of making the 
fet'oiids’ holes, See . occafionally occur. 

The coppers being thus prepared, the next procefs is that 
of enamelling , properly fo called. Where the operations 
of bard enamelling, and glafs enamelling, are diflimilar, the 
difference will be deferibed in proceeding, but to a certain 
Extent they are the fame. 

The enamel, as it comes from the makers, is generally in 
fmall cakes from four to five or fix inches in diameter. In 
preparing it for ufe, a fmall hammer is ufed, having one end 
flat, and the other of the (hape commonly employed to 
rivet with. With this the enamel is broken into thin pieces 
or flakes, by ftriking the edge of the cake fmartly as it refts 
upon the fore finger of the left-hand. The pieces are then 
put into an agate mortar, and with a pellle of the fame kind 
are finely pulverized, the fplinters being prevented from 
flying about, by keeping the enamel covered with pure 
water all the time the procefs of grinding is going on. The 
point at which the trituration fliould be difeontinued, can 
only be afeertained from experience, as the different kinds 
of enamel, and the different modes of its application, re- 
quire the ground enamel to be either more or lefs fine. In 
general it may be Hated, that the backing fliould be much 
finer than the firfi coat ; the fecond coat of an intermediate 
finenef3 ; the hard enamels confiderably finer than the glafs, 
and the flux ftill finer than thofe, as the fire operates with 
lefscffeft upon the flux than upon either of the former fub- 
flances. In grinding, great care muft be taken to keep the 
enamel free from dirt, and the light flue which arifes muft 
be waflied away three, four, or more times, as may be ne- 
ceffary in the courfe of the operation, till the water comes 
off quite clear. A fmall tea-pot is commonly ufed to pour 
the water from, and when the enamel is ground fufficiently, 
the produce is emptied into fomc other fmall cup for ufe, 
the turface being kept juft covered with water. 

The manner m which the grinding is performed, is by 
placing the mortar upon the work-board, on a coarfe piece 
of flannel or linen, twice or thrice doubled, and wetted to 
prevent its flipping. The handle of the peftle is then 
grafped firmly about the middle with one hand, and the 
palm of the otner being placed upon the top, the operator 
inclines the upper part of his body over tne mortar, and 
cnifties the enamel by preffing forcibly with his breaft upon 
that hand which covers the peftle. This motion is repeated 
in quick fucceffion, till all the larger pieces are reduced into 
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coarfc and uneven grains ; which grains are afterwards grcun 
to the requifite equality and fineuefs, by holding the mortar 
firmly down with one hand, and with the other giving a 
circular direftion to the peftle, ufing at the fame time at 
much ftrength as can be conveniently exerted. 

In enamelling watch dials, many coppers are ufually pre- 
pared to go on with at once ; that method poffefiing the 
three-fold advantage of faving time, materials, and labour# 
When the enamel is ground, therefore, the coppers having 
been firft clean led by the pickle, and carefully hrufhed out 
with water, are fpread, face downwards, over a loft half-worn 
cloth, or fmooth napkin, and a thin layer of hard enamel, 
called, in its ground Hate, the backing , is fpread over the under 
fides with the end of a quill, properly cut, or with a fmall 
bone fpoon. The coppers are then flightly prefled on 
by another foft cloth or napkin, which, by imbibing fome 
ortion of the water, renders the enamel fufficiently dry to 
e fmoothly and evenly fpread with the rounded fide of a 
fteel fpatula. The water is then again dried out by the 
napkin, and a yet further evennefs produced by going over 
the enamel as before, with the fpatula, and thefe operations 
are repeated, till the back becomes completely fmooth, and 
the enamel is of an equal thicknefs all over. It muft be 
obferved, that the water fliould not be entirely abforbed, 
as in that cafe the enamel would fall off, in powder, before 
the fubfequent operations are completed. When the enamel 
is properly fpread, the loofe particles are carefully cleared 
away from the edge and eye of the coppers ; from the former 
by the fpatula, from the latter by twilling round it the 
pointed end of a quill, and the procefs of laying tbs bottoms 
is thus finifhed. Some flight variations to the above method 
are in ufe among different srtifts, but the difference is fcarcely 
important enough to require defeription. In fome inftancea 
the enamel is laid on with the fpatula itfelf, and the cop- 
pers, inftead of being held between the fingers, are placed 
upon the round pin, by means of the centre holes, till the 
backs are duly lpread ; in both modes due care muft be 
taken that the coppers are not bent out of their proper forms. 

The next operation is to lay th e firfi coats ; that is, to 
fpread a layer of glafs enamel over the upper fides of the 
coppers. In doing this, thefurfaceis firft brufhed flightly 
over with a fmall camel-hair brufh, or a hare’s foot, to re- 
move any dirt or extraneous particles of enamel, as the mix- 
ture of any hard enamel with the glafs would infallibly 
fpoil the work. The glafs is then fpread upon the coppers 
in a layer, the thicknefaof which is commonly the fame as 
the height of the edge and eye. The water is afterwards 
flightly abforbed with a clean napkin fmoothly folded, and 
the enamel fpread by a thin, flat fpatula, till all unevennefs 
is removed, and the furface lies regularly from edge to 
centre. The edge being then gently tapped twice or thrice 
at different places with the fpatula, the water rifes towards 
the top, ana is again dried off by the napkin, when the 
enamel is once more made fmooth by the fpatula, and the 
water being wholly taken up by the napkin, or as nearly 
fo as can be effe&ed, without difturbing the enamel, the firjl 
coats are placed upon rings for firing. 

The rings ufed in enamelling are generally made of a 
mixture ofpipe-makcr’a clay and Stourbridge clay, rolled 
up into the form of cylinders, and turned in a lathe by 
means of a cylindrical piece of wood forced through the 
centre of the mafs when wet. Each ring is about a quarter 
of an inch in thicknefs, and the fame in depth ; the upper 
fide is prepared for ufe by rendering it flightly concave, 
which is done by rubbing it carefully upon a half globe of 
lead fprinkled over with fine filver fand : the under fide is 
nearly flat. Through the concavity thus given to the rings. 
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the edge of tlie copper or dial-plate only is fuffered to touch, 
by which means the enamel on the back remains undifturbed, 
and the edges are prevented from (ticking by rubbing over 
the furfaccs of the rings with foft chalk or whiting* 

The firft coats having been placed carefully upon the 
rings, are next put into a (hallow tin veffd, called a tin cover, 
which is cither made fquare or round, according to the fancy 
of the artificer, and U commonly about three quarters of an 
inch in depth. All the rnoiilure is then (lowly evaporated 
from the enamel, by placing the cover upon a German 
ftovc, or in fome other convenient fituation near a fire, 
where the evaporation can be properly regulated : for, 
fflould the water be dried off too quickly, the work would 
be in danger of fpoiling from blebs or bhjlcrs . Thefe are 
very fmall air-bubbles, which, by rifing to the furface of 
the dial-plates, deftroy their fmoothnefs and beauty. They 
appear to be occafioned, partly by want of due care in 
laying on the enamel, and partly by the confinement of the 
air which the water contained, and which, in the procefs 
of firing, becomes rarefied ; throwing off, by its expanfion, 
a portion of the furrounding enamel, yet not entirely efeap- 
ing without a very vivid heat, and even then refolving into 
black or green fpecks, fo coloured through the oxydation of 
the copper. 

The [firing is executed beneath a muffle, placed in a 
fmall furnace ignited with coke and charcoal. (See 
Muffle and Furnace Enamellers.) The furnace being 
drawn up to a fufficient heat by means of a regifter, the 
firft coats are taken feparately from the tin covers, and 
placed upon thin planches of clay, or iron, chalked oyer, 
and gradually introduced beneath the muffle ; where, in a 
very fflort time, the enamel melts, or technically runs / and 
becoming properly confolidaled, the firft coat is complete. 
Great attention is requifite in this operation, to prevent the 
enamel from being over-fired ; as in that cale, the glafs 
would lofe fome portion of its opacity, and other defers 
alfo be produced, to tie detriment of the work* The 
planches are placed towards the further extremity of the 
muffle, by means of a pair of fpring tongs; and as foon as 
the fuliori is feen to take place, are turned carefully round, 
in order that every part (hould be equally fired* Th e 
planches are generally made circular, and (lightly concave, 
for the convenience of moving the work without danger of 
(baking off the enamel before it becomes fixed by the 
heat. 

As all folids, when reduced to a granulated ftate, Occupy 
a greater fpace than before, et vice verfd, it will be found 
that a very confiderable deprefiion has been produced in the 
enamel of the firft coats by the a& of fufion j and that the 
edge and eye are now much above the furface. This de- 
ficiency in fubftance it is the office of the fecond coats to 
fttpply. When the work is cooled, therefore, the fcale is 
wholly removed from the edges and eyes by means of a fine- 
grained Lancafhire file, or a fmooth grey-ftone ; and being 
then waffled and dried, each plate is put upon a fmall 
round wax-block, of fufficient bulk to be held in the hand, 
and about four or five inches high. The feet are then 
either preffed firmly into the wax which covers one end of 
the block, or the plate is otherwile fixed by means of three 
(mall cones of wax placed triangular-wife upon the block ; 
tare being taken not to ftrain the enamel by too weighty a 
preffure. A fecond layer of ground enamel is then gently 
ipread with a quill, and prepared for firing by the napkin 
aud fpatola as before; after which the fecond coats are 
placed upon the rings, and the moifture being evaporated 
so ike tiMOvcr, (one edge of which# both in this and m 
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tlie preceding operation, fflould be left a little open to give 
iffue to the (team,) they are ready for a fecond fire. 

The fecond firing requires an equally cautious manage- 
ment as the former one. The plates muft not be over-fired, 
nor muft the beat be fuffered to melt the enamel too rapidly ; 
but a kind of rotatory motion, called coddling , muft be 
given to the work, by holding the loaded planch lightly 
with the tongs, and gently drawing the edge of it towards 
the mouth of the muffle, and then returning it to its former 
place, till the fufion be complete ; a proper knowledge of 
which can be gained only from pra&ice. The work is now 
in a fit ftate for poliffling. 

Poli/hing 9 in this art, has a twofold fignification : it not 
only means to render bright, according to the common ac- 
ceptation of the term ; but alfo to make even, without any 
reference to gloffynefs. The enamel has a natural bright- 
nefs of furface acquired from the fire; and when this is re- 
moved, it is only neceffary again to expofe it to a due heat, 
to caufe it to rcaffume its former chara&er. Yet as this 
brightnefs exifts independent of evennefs, and as evennefs is 
effential to the perfection of enamelling, it is requiiite, ill 
mod cafes, to produce that quality by the methods next to 
be deferibed. 

The materials ufed in poliffling glafs plates are grey- 
ftones, rag-itones, fometimes called burrs, fine ground 
filver (and, and water. The grey -(tones ought to be of a 
fine grain and even texture, without knots, which would 
be very detrimental by making deep Scratches in the enamel# 
inlleaa of wearing it away evenly. The plates are taken 
feparately, and the thin edges are firft worn off by one of 
the finer grey-ftoncs,' till they become fmooth and equal ;* 
after which the eyes are rubbed down, till the centre of 
each plate is even and fquare. Either the grey-ftone or the 
rag-ftone is next employed, according to the nature of the 
work, to wear away all the irregularities that may cxift on 
the furface of the enamel ; the rag-ftoncs being only ufed 
for tlie more common kinds of dials. This is done in dif- 
ferent ways ; viz . firft, either by holding the plate upon 
the fore aud middle finger of one hand, and giving it a fort 
of circular motion by means of the thumb, whilft with the 
other hand tlie poliffling-ftoue is rubbed with a forward and 
backward ftroke over every part of the furface ; fecondly, 
by holding the poliftiing-ftone on the work-board with one 
hand, and with the other rubbing upon it the face of the 
enamel ; or, thirdly, by fixing the plate upon a cork, either 
by means of the feet, or with a piece of wet flannel, and 
with the fingers giving it a kind of rotatory motion, whilft 
the poliffling-ftone is rubbed over it in a fimilar manner* 
The ground filver faud is ufed to give fflarpnefs to the po- 
liffling-ftones, and wear away the enamel with greater cele- 
rity Uian would be otherwife acquired ; and the a& of 
poliffling is continued till all the glofs is ground off the fur- 
face. In this operation great care muft be taken that the 
preffure be not too powerful, as the plates will then crack 
in the fire, and can uover, or very rarely, be properly 
mended. 

AV hen the enamel is fufficicntly polifhed, which is eafilr 
known by the criterion of all the glofs being removed# 
the plates muft be clean waffled, and the fpccks of 
dirt, &c. picked out with a (harp graver* They arc 
then well rubbed over with fome fine ground glafs# 
either by means of a cloth# a glafs mull, or perhaps a lmall 
bit of hr-wood cut fmooth, m order to remove the ftaina 
that may be left by the poliffling-ftenca ; and the clean 
water being fuffered to run over them, they arc wiped dry# 
and again placed upon the rings for firing. 
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The degree of heat neceffary for polifhed plates is deter- 
mined by the finer or coarfer inodes in which they were 
prepared ; as the fufion is much facilitated by the enamel 
being free from fcratches. When the furface is properly 
run, that is, when it becomes pcrfe&ly fmooth, even, and 
bright, the plate is completed ; find when cold, is fit for 
painting on. bee Painting of Clock and Watch Dial - 
Plates . 

The above defeviption regards more particularly the beft 
kinds of work ; hut for the more common work there are 
two other modes of enamelling pra&iied, which it will be 
icquilite briefly to explain. The plates made in thefe ways 
are called rundown plates , and rundown fccond coats . 

Run-down plates are thofe which are made by laying the 
enamel upon the coppers in fufiicient quantity to form 
plates of the required thicknefs, without putting on a fc- 
cond coat. Both labour and fire are thus faved ; but that 
neatnefs, regularity, and fquarenefs, which arc acquired by 
the firft method, are rarely obtainable in this: and indeed 
flat plates can hardly be managed at all in this mode* Run- 
down platc6 require more coddling than any other ; and a 
longer continuance of vivid heat is neceffary to make the 
glais flow to a proper evennefs of furface : the plates being 
wholly completed with one fire, and without polifhing. ft 
is obvious that the moll common work only can be thus 
manufactured ; for that of the next fuperior defeription, the 
run-down one coats , are polifhed off with the rag-ftone, and 
undergo a fccond firing. The run-down fccond coats are 
thofe which are reduced to a furface comparatively even by 
the fccond fire, and are then painted on without being po- 
liced off. 

In enamelling hard-plates for watches, the coppers and 
the firft coats are prepared in the manner above deferibed 5 
excepting perhaps that the layer of glafs is rather thinner 
than in glafs-work only. The hard enamel, which is ge- 
nerally moft valued as it approaches to a rich cream colour, 
is broken down, and ground in the fame way as the glafs, 
if a fmall quantity alone be wanted ; but if otherwife, it is 
firft broken from the cake with the hammer, and then 
pounded in a fteel mortar, till reduced into coarfe grains. 
Thefe grains are then expofed to the adtion of a magnet, in 
order that all the particles of fteel that have been broken 
off the mortar in the aCt of pounding may he taken away, 
as they would infallibly fpoil the work, by rifing in black 
fpecks to the furface of the enamel, when in the fire. As 
an additional precaution, alfo, it is neceffary to put the 
granulated enamel into a fmall bafon, and pouring upon it 
a ftrong folution of oil of vitriol, or aquafortis, to fuffer it 
to ftana for fome hours, that the fteel particles, &c. may 
be wholly diffolved ; after which, the enamel muft be very 
carefully wafhed, till the water comes off pure and taftelefs : 
for fhould any of the acid remain, the work would certainly 
blifter. The enamel is then ground to the neceffary fine- 
ness in an agate mortar, and afterwards fpread over the 
firft coat with a quill, in fmall quantities, and as evenly as 
It can be laid, that it may require the ufe of the fpatula as 
lithe as poflible. The water is then partly abforbed by a 
very fine and clean napkin, and the enamel fmoothly fpread 
ana clofely compnffed with the fpatula ; after which, more 
water is abforbed, and the fpreading is continued till the 
furface lies true and equal. The plate is then put upon a 
ring, and properly fired; and is afterwards polifhed by 
placing it upon a cork, (the top edge being firft taken off 
with a fine grey-ftone,) and wearing away the furface, 
firft, by a very fine-grained Lancashire file, or fmooth 
piece of fteel, and filver fond, ground to an aktoft im- 


palpable powder ; fecondly, by a fineblue-ftone and fand f 
and thirdly, by the blue-ftone alone. With the latter a 
fort of hali-poli Ih fhould be given to the enamel ; and the 
nigher that poiifh approaches to complete gloffynefs, the 
better ; as the plate will then be finifhed in the third fire 
with a lefs degree of heat than would be otherwife wanted. 
In this procefs, much caution is required to prevent 
fcratches, which cannot be run up by the fire without giv- 
ing the enamel a greater heat than it will well bear. When 
the polifhing is completed, the plate is carefully cleaned 
with ground enamel 5 and fhould there be any fpecks, they 
muft be picked out with a fmall and fharp diamond, and the 
hollows very dextroufly filled up with enamel from a quill- 
point, that they may neither rife above or fink below the 
common furface, when the plate is again fired : fhould they 
adtually do fo, they muft be made fmooth with a blue-ftone, 
and the plate muft undergo a fourth fire, to render the furface 
of one uniform texture and gloffynefs. Hard-enamel dials are 
always confiderably dearer than glafs ones, through the 
greater labour, attention, &c. that are requifite in making 
them; and the beft watches are almoft always made up 
with dials of this kind. 

In the polifhing off both of glafs and hard plates, much 
addrefs is neceffary to prevent a reparation between the ena- 
mel and the edge of the copper ; for if too great a preffure 
is exercifed, or if the grey-ftoncs, which are employed to 
wear down the copper, are of too rough a grit, the adhe- 
fion will be deftroyed, and various black indents arife round 
the edge of the enamel, when the plate is again expofed to 
the fire. In grlafs dials, thefe dete&s may be fometimea 
amended ; but m hard-enamel dials, fcarcely ever. 

The operations of tranfparent enamelling are nearly fimilar 
to what have been already deferibed in the making of wateh 
dials. As the work is generally of a more minute kind, 
greater delicacy of handling perhaps is required ; and as the 
enamels are of various colours and deferiptions, more cups, 
veffels, k c. and additional foft cloths or napkins, are want- 
ing to keep them from mixing. Watch cafes are commonly 
enamelled upon gold, as well as moft fuperior articles of the 
fancy kind ; and the furface of the gold is frequently en- 
graved into different figures and compartments, before the 
enamel is laid on ; by which means the work affumes a 
beautiful variegated appearance through the vitreoua 
coating. 

In enamelling the backs and edges of watch-cafes, &c. 
quince-water is frequently ufed as the medium by which the 
enamels are laid on ; for this poffefling a more aidhefive and 
retentive quality than common water, better prevents the 
enamel from flowing from its proper fituations : for where 
the convexity is confiderable, the enamel will of courfe 
have a tendency to float towards the loweft part. When 
enamels of different colours are intended to be employed on 
the fame article, which is frequently the cafe in ornamental 
works, fmall edges or prominent lines are left in the fub* 
fiance of the metal, for the purpofe of keeping the enamels 
feparate ; and thefe are polifhed with the enamel, and re- 
duced with it to a fimilar equality of furface. Tranfparent 
enamels are not unfrequently polifhed to complete gloffy- 
nefs, without expofing them to an additional fire : in thefe 
cafes, the work is finifhed with rotten-ftone. 

It is fometimes defirable to take off the enamel from a 
watch-cafe or trinket, without injuring the metallic part. 
For this purpofe it has been recommended to lay a mixture 
of common felt, nitre, and alum in powder, upon the 
enamel requiring to be removed ; and afterwards to put it 
into the furnaces and when the fufion has commenced, to 
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throw the cafe, kc, fuddenly into water, which caufes 
the enamel to fly off in flakes. 

In ornamental tranfparent work, a very pretty effeft is 
often produced by applying fmall and very thin pieces of 
gold or filver, cut or {lamped, into different figures, as acorns, 
oak-leaves, vine-leaves, bunches of grapes, fruits, &c. upon 
the furface of the firlt coating of enamel, where they are 
fixed by the fire ; and are afterwards covered over by the 
fecond layer, through which they appear with confiderable 
beauty. When any quantity of fancy-works of fitnilar 
defign is wanting, this mode of enamelling is much cheaper 
to execute than to have the furface of the metal itfelf en- 
graved into the required forms. 

Clock Dial- Plate Enamelling, is far more laborious than 
the other branches, and requires confiderable experience to 
be properly executed, though the methods of operation are 
foon explained. The copper, being procured from the flat- 
ting mills in thin Hips, and of an adequate diameter and 
thicknefs, is cut to nearly the required iize with a pair of 
flrong feiffars, a circle having been firlt {truck with the 
compaffes. If in a foft ftate, it is then cleaned by the 
pickle, and having been bru filed out with fimd on a flu 
board, is waflied and dried for planilhing ; if otherwife it 
imiit be well annealed before it is thrown iuto the pickle, 
where it muft lie till all the fcale is enough foftened to be 
removed by the hand-brufh, fand, and water. 

Planijhing is a very important part of clock plate enamel- 
ling, and too much care cannot be exerted in the procefs, 
as the neceffary regularity of furface almoft wholly depends 
upon it. In large plates the a&ion of the fire has a very 
confiderable effe&,as it caufes anexpanfion in the metal, which, 
ttnlefs properly guarded againft, cannot but operate to the 
imperfc&ion, and perhaps total fpoiling of the work. In 
flatting alfo, a fort of twift is not unfrequently given to the 
copper, during its paflage through the rollers, that would 
affuredly caufe the plate to become uneven and outoffhape, 
were it not to be removed by planifhing and repeated 
annealings. Another efle& produced by the fire, is occa- 
fioning the plate to rife, perhaps irregularly, towards the 
centre, and this can only be checked by countera&kig the 
a&ion which the heat would otherwife generate in the metal 
by good planifhing. To keep a large plate entirely flat is 
impoffible; or at leaft no means have as yet been difoovefed 
through which that aim can be attained. The beft way, 
therefore, to provide againft the irregularities which the fire 
might caufe, is to give to the copper, in the courfe of planifh- 
ing, a flight and even rife or curve frem the edge to the 
centre; this can either be effeded by the ufe of large brafs 
dies, or by a machine adapted for the purpofe. 

The machine of which, probably, there is only one in the 
trade, confifts of two principal parts ; the one a foiid mafs 
of iron, with a concave and polifhed face, imbedded im- 
inoveably in a llrong oak block, firmly fixed ou a founda- 
tion of brick- work, and the top edge hooped with a thick 
iron ring, to prevent fplitting ; the other, an anfwering and 
weighty mafs of irou with a convex face, fimilarly polifhed, 
and fixed in an upright frame of timber, but fo contrived as 
to become moveable by means of Aiding grooves, a rope, a 
pulley, and a lever, and fo placed as to Tall directly upon the 
mafs beneath, in a fimilar way to the monkey of a pile* 
driving engine. The diameter both of the hammer and the 
anvil, as the upper and under maffes of iron may be called, 
for the fake of perfpicuity, is about thirteen inches ; that 
fize being nearly as large as clock dials are ever made or 
wanted* The convexity of the hammer is exaftly fitted to 
the concavity of the anvil, and may be described, perhaps, 
as forming a portion of a circle fifty feet in diameter; and the 
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centres of both are kept true to each otnei, «..j 
quently to the regularity of curve, by means of large ferews 
and nuts, which adiuft the pofition of the hammer by alter- 
ing the perpendicularity of the bars of iron that the grooves 
act upon. The power of this machine faves much labour 
in planifhing, as well as time ; yet as it is inefficient wholly 
to prepare the coppers, and as the charge of.erefting one 
would be very confiderable, it will never, perhaps, come into 
general ufe. 

In planifhing with this machine, it is neceffary to be 
provided with various thin circular pieces of lead, evenly 
flatted, and adapted in fize to the diameters of the coppers 
to be planifhed. Without ihefe the ftroke given by the 
hammer would have a very imperfeft effect ; and the impulfc 
given by the weight of its fall would alfo be continually 
weakening the foundation and bed of the anvil. 

The coppers prepared for planifhing by this machine are 
taken feparatcly, (the eyes having been previoufly cut out 
to a proper fize by means of an iron punch, an hammer, and 
a lead block,) and each one is laid upon a lead of a cor- 
refpondent diameter, and placed upon the anvil in fuch a 
manner that all the centres agree. The hammer, which has 
been hitherto retained at fome height by an iron (lay fixed 
in one of the timbers, and moving on a pivot, is then let fall, 
three or four times in quick fucceflion, it being each time 
lifted up to the height of three feet or more, by means of 
the lever. The hammer is then again faftened by the flay, 
whilfl the copper is turned over on the lead, after which the 
operation is repeated, and the copper is then taken off, and 
another laid down till the whole are gone through. The 
weight of the hammer, and the impetus acquired by its de* 
feeut, remove mod of the, uneven neffes in the coppers, yet 
cannot entirely remedy them : a ftroug and unequal fpnng 
will Hill be felt, and the metal being now rendered hard by 
the aeftion of the hammer, annealing muft again be reforted 
to, and the coppers muft be pickled and cleaned as before* 
The machine is then ufed a fecond time in a fimilar way j 
and afterwards a third, a fourth, a fifth, and even a fixth 
and feventh time, according to the diameters of the coppers, 
or to the refra&orinefs of the metals, due care being 
taken properly to anneal and pickle them between every 
operation. 

The coppers will now be found of a regular fhape, and 
the fpring in the metal tolerably uniform ; it is effential, 
however, to the pcrfe&ion of the plate, that the fpring 
ftiould be entirely uniform from edge to centre, otherwise 
the plate would warp and cockle in the fire. A kind of in* 
termediate procefs muft therefore be carried on between the 
taking the coppers from the tnachiue, and before repeating 
the annealings. This is performed by means of a circular 
brafs die, about a quarter of an inch in thicknefs, and from 
fifteen to eighteen inches in diameter, fere wed firmly down 
to a ftrong oaken block, having three ftout legs, placed 
triangular-wife, and of a fufficicnt height to ufe conveniently 
when the artift is in a (landing pofture. The die fhoula 
have the fame degree of curve as the machine, otherwife 
the effeft produced by each would occafion a fort of reci* 
procal counteranion. The coppers, having paffed through 
the machine, are placed in fucceflion upon the die, and a 
wooden box-hammer (fomewhat refembling that u(ed by 
gold- beaters) with two faces, the one a circle about three 
inches over, the other cut away on the front edges, fo as to 
leave only a portion about an inch or an inch and a quarter 
in breadth remaining in the middle, is then taken, and the 
copper is both rubbed and ftruck with it till the metal be* 
comes too hard for any further impreffion to be made, and 
requires annealing. The circular end is ufed to ftrike the 
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copper with, which i& done by fliort, quick beats of the 
hammer, the artill working from cewtre to edge, and com- 
municating the neccffary motion and dire&ion to the coppers 
by means of the fingers of one hand, fo extended over the 
work as to give the requifite command in guiding it : the 
other end is employed in rubbing the coppers ftrongly with 
a backward and forward adtion, under which they are moved 
upon the die by the fingers as before. Where the machine 
is not ufed, the planilhing mult then be entirely performed 
in the way juft deferibed, and great care muft be taken, 
that in the rubbing, the coppers be not beat, which would 
occafion both additional labour, and further annealing. No 
politive direction can be given as to the number of times 
that the coppers muft be annealed in the courfe of the 
planifhing ; as a general rule, it may be faid that the larger 
the fize,tke more frequently muft the annealings be repeated. 
For plates of from three to four inches, twice or thrice is 
commonly enough ; from five to eight inches, about four or 
five times are requiiite; for larger fizes, the annealings muft 
be continued till the fpring or adtion in the metal becomes 
uniform, as already mentioned. This is belt determined by 
the regularity with which the copper will flap or jerk 
into the curve given by planifhing when turned cither fide 
uppermoft upon the die. When the planifhing is com- 
pleted, the coppers are cut exadtly to the fizes required, 
and having been pickled and cleaned, they are then ready to 
be enamelled on. After the laft annealing, it is beft to 
lanifh but (lightly, that the coppers may be left in a 
ate of comparative foftnefs. 

For time-pieces, table clocks, and fome others, round plates 
are commonly ufed, and in thefe cafes it is ncceffary to have 
moveable brais dies formed into the curves required. Round 
plates are thofe which have a confiderable rife in the centre, 
made by a pretty quick forcing up of the copper into a 
fort of (houlder about where the circles of the hours come, 
and afterwards continuing the rife more gradually. The 
bent fpatula and the Scratch brufh are chiefly employed to 
fet the coppers into thefe curves, and where the rife is 
very quick from the edge, the copper is fometimes turned 
up as in fmall dials, that the enamel may be the better retained 
in its place. 

The quantity of enamfcl wanting for clock dials renders the 
grinding it a very laborious and tedious operation; efpecially 
as the hard kind only can be ufed with complete certainty. It 
is true that plates of from ten to twelve inches diameter have 
been made with glafs enamel, where particular attention has 
been given to the annealing ut* and to the cooling down * 
(phraies that will be prefently explained, ) and where the 
backing has been of a quality perfedtly agreeing with the 
nature of the glafs. Of the experiments made in this way, 
however, the fuccefs has not always been proportionate to 
the lofs, and the few cnamellers who have clock-furnaces 
cannot always be induced to repeat them. 

The enamel for clock dials is broken down in a ft eel 
mortar, and afterwards cleartfed and ground in an agate 
mortar, in a fimilar way to that prepared for watch plates. 
Sometimes, where the enamel is of a good quality, the wafh- 
ings arc made ufe of for backing, and no bad confequeuce 
refults, but this requires confiderable care in the laying on 
aa well as in properly drying, in order to prevent the furface 
of the back from riling in blitters, either entirely or pan ially. 
Wa filings is the name given to the almoft impalpable powder 
•which arifes in grinding, and floats in the water, intermixed 
with the dull and minute hairs which are fure to fall into 
the mortar, and which renders it r-eceffary that the enamel 
fhould be feveral times walhed during the procefs by pouring 
*>ff the buoyant matter from time to time, and introducing 
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frefi\ water, from the tea-pot. Pure fpring water ought 
always to be ufod, and a large bafon provided for the recep- 
tion of the waitings. 

In the beft and largeft kinds of work, the walkings ought 
never to be ufed, as their great propci. fity to butter can 
hardly be counteradled ; and when the buffering is con- 
fiderable, the plates will nffuredly cockle* or get out of fltape. 
The peculiar finenefs of the warnings, alfo, occafions it to 
be very difficult tojlay on as backing in an even manner. 
Where the enamel in fubftance only is ufed, the fuccefs of 
the work is rendered more certain ; the additional expence 
therefore is fully balanced by the greater fecurity. • 

The general way of putting on the enamel is to lay tht 
copper upon a cloth, twice doubled, and placed upon a die 
or piece of board, for the conveniency of turning. The 
backing is then fpread carefully over it by means oi a fmall 
ivory or bone fpoon, and when the whole lurfacc is covered, 
the water is partially dried off by another cloth, and the 
enamel laid even by a large fpatula, (fee Statu la,) 
finely poli filed. Thefe operations are repeated till the back 
furface is fuffieiently evened and dry ; when the copper is 
turned, and the firft coat laid on and evened in a fimilar 
manner. The work is then placed upon a planch for firing, 
and is next put into the annealing places in the upper part 
tf the furnace, (fee Furnace for Clock-Dials ,) where 
the humidity is gradually evaporated as the fire draws up. 
The planches are from a quarter of an inch to three quarters 
in thickneis, in proportion to the fizc, and are either made of 
fine frec-ftone, or of a compolition of Stourbridge clay, 
pipeclay, and old fluff* as the broken muffles, planches, 
&c. are called, poundedtogether in an iron mortar, and patted 
through a coarfc fit ve. The face of each planch is either 
flat or rubbed into a fimilar curve to that given to the cop- 
pers, and before the woik is put on to it, a flight covering 
of whiting, dried, is lifted over it, through a fmall bra fs- wired 
fieve : this is done to prevent the enamel from (licking to 
the planch when in the ad of (ufion. 

The muffle is got up or rendered hot with fea-coal, and 
when fuffieiently vivid, which is known by its near approach 
to a white heat, the firft coats are taken from the annealing 
holes by means of iron prongs, which are (lid beneath the 
planches by a ftcady and careful motion, left the enamel 
(hould be (hook wlulft in powder; to prevent this, alfo, a 
farther piovifion is frequently made by means of irons* as 
they are called in the bufinefs, which are placed below the 
planches, and having a round form, and a convex bottom, 
are extremely ufefulin moving the work, by admitting the 
prongs to be readily paffed below them. The irons ate 
adapted to the iize of the planches, and are formed out of 
thin iron plates, and are cut into a circular lhape ; fome 
portions ot the metal, tb render the irons lefs weighty, being 
wholly removed from between the rim and the centre, which 
from this circumftance appear to be cbnneded by crofs bars. 

When the firft coats are properly fired, which can only 
be determined from pradlitv, they are replaced in the an- 
nealing holes, and there left for fome hours to cool down, 
all the fire having been firft raked out from the furnace. 
The operation of cooling down mud be effodled in a very 
gradual manner, for were it done too quickly, the plates 
would crack in different places, through the action of the 
metal upon the enamel. The particular caufc of this crack- 
ing feems to arife from the furface of the enamel being too 
fuddenly fixed by the cold air, to admit of that gradual ad- 

{ ‘uftment to the contraction of the metal, which the latter, 
>y retaining the heat longer than the enamel, renders necef- 
fary. On a fimilar principle, the annealing up of tlje.fecond 
coats muft be equally progreffive ; for (hould they be too 
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luddenly put into the five, the metal, by expanding with the 
beat before the fufion of the enamel has commenced, would 
caufe the enamel to fly through its brittleuefs, and the fur- 
face would he thereby ftreaked with cracks. 

The enamel for fecond coats, as in watch plates, muft be 
ground finer than for firft coats, yet not fo fine as for hack- 
ing. It is laid on with a fpoon, and reduced to a fmootli 
and equal furface by the fpatula, in the fame manner as 
above deferibed ; and the plate being enamelled with the rc- 
uifite attention, is fired a fecond time, and gradually cooled 
own as before. The next operation is polifhing. 

Clock plates are polifhed by a fomewhat different procefa 
than watch dials. When perfectly cold they are taken off 
the planches, and either carefully fixed upon a bed of wet 
fand, fo that not any hollow or vacancy is left below the 
plate, or imbedded in a fimilar way with fand upon wet flan- 
nel, twice or thrice doubled. When thus prepared, the fur- 
face is gradually worn even l>y means of fine filver fand, 
paffed through a fieve, that the coarfer particles may be pre- 
vented from fcratching the enamel, and polifhing-ffones ■ 
formed of flint pebbles, ground at one end to a regular fur- 
face. The fand is ufed with water, and the operation is 
performed by giving the polifhing-ftonc a quick circular di- 
rection in progreflive movements over every part of the 
plate, till the furface is evenly reduced, which is known by 
the gloffynefs being wholly wot n off: this occupies from 
half an hour to an hour, or more, according to the fize and 
previous evennefs of the plate. Sometimes the poliihing is 
accelerated by ufing pieces of lead or iron, as half-pound 
weights, for inftanee, in the early ffage of the procels, and 
afterwards fiuifhing with the flint ; and that not only to give 
a fmooth furface to the enamel, but likewife to remove the 
general (lain or blacknefs which proceeds from the ufe of 
the lead or iron. When the polifhing is completed, the 
plates are well waflied and brufhed, and afteru ards made 
perfcftly clean by fome fine enamel being ground over the 
face of each with a fmall mull or polifbitig-ftone for about a 
quarter or half a minute ; the operation being repeated 
twice or thrice, as may be neccffary, and the loofc enamel 
being carefully wiped off with a fmooth cloth or napkin, 
after the laft cieanfing, inftead of being wafhed away: this 
is done in order that the fmall pores which are fometimes 
laid open by polifhing into the fubftance of the plate, may 
be filled up by the minute particles of enamel that efcape 
the aftion of the cloth, but would be removed by the Water. 
Whatever fpecks or blifters may be in the plate, are then 
opened with the diamond, and the holes neatly flopped with 
finely-ground enamel from a quill-point, as in watch -plates; 
the flopping! up being fuffered to lie rather higher than the 
furface, to admit of the reduftion in bulk occasioned by the 
fulion. The plates are now again put into the annealing 
laces upon the planches; and the furnace being properly 
eated, are fired tor the third and laft time, before painting. 
In this latter firing, great can: fhonld be taken that the ena- 
mel be not over-fired, which would occafion a freckled ap- 
pearance in the plate, when held againft the light; and if 
the work is drawn out from the muffle after the fufion has 
commenced, aud again returned to complete it, the air will 
be found to have given additional richnefs to the gloffynefs 
of the furface. The precife time required for firing polifhed 
lates can only be known from praftice; thofe on which the 
neft polifhing-fand was ufed, and, of courle, where the 
fcratches are lefs deep, wanting leu heat than when the 
fand has been employed in a rougher Hate. After firing, 
the finifhed plates arc returned to the annealing-holes, and 
gradually cooled down for pointing on. Sec Painting 
of Clock and Watch Plata • 
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In the making of Jluxed plate* for enamel* paintings, 
fimilar methods of plantfhing are pra&ifed to thole already 
detailed; and fimilar or even increafed care muft be taken 
in deftroying or regulating the fpring of the copper. 
Fluxed plates are commonly either fquare or oval : in the 
fquare ones, about an eighth of an inch, or fome what more, 
fhould be cut off each angle of the copper, previous to ena- 
melling, to prevent the danger of breaking them. In pre- 
paring them for the flux, every thing is conduftcd in the 
fame w ay as for clock-dials, till they are polifhed off, when, 
inftead of firing them in their polifhed ftate, the flux is laid 
on as a third coat. In grinding the flux, very particular 
attention muft be given to keep it free from dirt ; and the 
grinding muft be continued till the flux becomes extremely 
fine, as it will not otherwife flow to an even furface, when 
expofed to the fire, without a more intenfe heat than the 
fubftance will well bear. The flux indeed requires a pe- 
culiar delicacy of treatment, and the firing of the fluxed 
plates muft be managed with great caution and nicety. 
The heat which they require in fufion is much ftronger than 
that for enamels only ; but the ex a ft point of time for with- 
drawing them from the furnace muft be dexteroufly feized, 
left the flux fhor.hl fall into freckles. It is not cuflomary 
to polifh off the flux, as by fo doing it would be deprived of 
fome portion of its brilliant richnefs ; yet that perhaps 
would be in fome mcafure compcnfuied for, by the iuperior 
evennefs that would be attained. Fluxed plates muft be 
cooled down with great care, as the brittlcnefs of the upper 
coating renders them more liable to crack when too fud- 
denly made cool. In fluxing, hard enamel muft always be 
ufe.-! ; as the flux will not agree with glaiV enamel, but 
cracks in circles as it grows cold. See Flox. 

The greater duftility of gold, and its fuperior mcllownefs 
of colour, render it by far the bed metal that could be 
employed for the bafis-of fluxed plates ; though, on account 
of the cx pence, it is feldom ufed. For naked figures, 
portraits, or other fubjefts, where much fit fh is exhibited, 
gold plates ought to be exclufively employed, as their rich 
hue would fave coufiderable labour in the painting. 

Till the prelent age, fluxed plates were feldom made of 
a larger fize than four or five inches ; but lince the art of 
enamel-painting has been carried to fuch great perfection by 
Mr. Bone, enamel-painter to the king and the prince of 
Wales, they have been progrellively increafed in extent for 
his ufe, and are now made of every fize up to twelve and 
fourteen inches. The largcft ever completed meafures 
eighteen inches by fixteen and a half ; and Mr. Bone is now 
employed in painting it from Titian’s famous pifture of 
Bacchus and Ariadne, in the colleftion of lord Kin- 
naiid. See Painting on Enamel* 

In chufing enamels for ufe, great experience is neceffary : 
indeed the moft expert praftitioner may be deceived, unlefi 
he make the requifite trials by aid of the furnace. Some 
enamels can only be employed alone ; others may be ufed 
for the upper coats, but require a ftronger kind for the 
backs ; and fome can be ufed .only for backing. Should a 
new fort be proffered for ufe, experiment alone is the cri- 
terion by which its qualities can be determined. In a. 
fimilar manner, fome fluxes will only agree with particular 
enamels ; others muft be ufed feparately ; and others again 
muft be mixed in grinding, before they can be employed 
with certainty. 

In every branch of enamelling, it is eflential that the 
copper, or other metal employed to enamel on, fhould be 
of a proper thicknefs. Should the metal be too thick, the 
plates will dlwayt crack, either in their fecond coats, or in 
their polifhed ftate ; and fhould it be too thin, they would 
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be extremely likely to warp from the too powerful a&ion of 
the enamel. The due medium can only be afeertained by 
praftice j for even the different kinds of enamel will require 
* difference in the thicknefs of the metal. 

The proper management of the fire, and the mode by 
which the muffle is heated, will be explained under the 
words Furnace and Muffle ; it need only be dated 
here, that the time neceffary to get up a clock furnace 
varies from about an hour and a half to two and three 
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hours, or more, according to the intenfity of the draught, 
the method of iloking, and the quality of the fuel. The 
work is turned in the muffle by means of fpring tongs, fo 
that each part may have a regular and due neat ; ana it is 
returned into the annealing places with the prongs. Should 
many plates be fired at one time, the labour will be found 
to be very fevere, and the heat too powerful { as it carries 
a flux of blood to the head, and occafions languor and op- 
predion throughout the whole frame. 




ENGINE, in Mechanic ), a compound machine, con* 
fitting of feveral Ample ones, as wheels, fcrews, levers, or 
the like, combined together, in order to lift, call, or ftif- 
tain a weight, or prod use fome other confiderable effed, fo 
as to save either time or force. 

The word is formed of the French engine; of the Latin 
ingenium, wit ; bccaufe of the ingenuity required in the 
contrivance of engines, to augment the effeft of moving 
powers. 

The kinds of engines are innumerable ; fome for war, as 
the balifta, catapulta, fcorpio, aries, See. others for the 
arts of peace, as mills, cranes, prefles, clocks, watches; 
engines to drive piles, to bore cannon and water-pipes (fee 
Boring), to raife water, wheel and water-works ; to ex* 
tinguilh fire, fee Fire -engine, &c. See Htdrocaniste- 
rium. See SiEAM-engine, &c. .See alfo Instrument. 

Engine for cutting Wheelt. See Cutting-^b^i'w. 

Engine for cutting Fufctt. See FusKE-Enyine. 

Engine for ornamenting a Watch-cafe. See Rows- 
Engine, or Ro8E-£nyin*. 

Engine for dividing Circlet, Quadrant), Sextant), and 
08 ant). It is not our intention in this place to enter into 
the hiftory of the different methods of dividing aftronomi- 
cal inftruments into degrees and their fub-divifions, as fuc* 
ceflively praftifed by Tycbo Brahe, Hevelius, Dr, Hook, 
Mr. Abraham Sharp, Olaus Roemer, Mr. Graham, Mr. 
Jon. SiiTon, Mr. Bird, Mr. Ramfden, and Mr. Troughton, 
without the aid of an engine ; but, as we propofe to treat 
the fubjeft at fome length under our article Graduation 
of Mronomical Injlrumentt, we beg leave to refer the reader 
to that bead for fuch particulars as relate to the manual 


operations performed by the bcam-compafs and otherwife, 
which are neceffary for graduating all circles and other inftru- 
ments, that are too large to be graduated by an engine. 

Among all the improvements in chronometers and nauti- 
cal inftruments, that owed their origin, during the lad cen- 
tury, to the munificent encouragement of the honourable 
Board of Longitude, there is none that has fo much con- 
tributed to the intereft of navigation, confidered as a fcience, 
as the engine at prefent to be deferibed ; the facility, and 
at the fame time the accuracy, with which the meafuring 
portion of any nautical inftrument, however portable, can 
now be divided by our belt engines, are truly aftoniihing ; 
the fine dividing ftrokes, which, in many inftances, are 
fcarcely vifible to, and not legible by the naked eye, when 
magnified by a fuitable lens, arc perceived to be laid down 
with fuch perfefl equality, as to relative diftances, that no 
one who has not examined the means by which they were 
effected, can conceive the pof&bility that the expedition, 
with which the divifions are made, is equal to the accuracy 
with which they are meafured and marked down. In Mr, 
Smeaton’s paper, read to the Royal Society of London, on 
Nov. 17, 1785, on the “ Graduation of Aftronomical In- 
ftniments,” he mentions an engine, made by Mr. Henry 
Hindley of York, which indented the edge of any circle in 
fuch a way, that a ferew with fifteen threads a&ingat once, 
would, by means of a micrometer, read off any given num* 
b?r of diviGons, fo as to anfwer the purpofe of fub-dividing 
the circle. It does not, however, appear that this engine, 
though it divided the circles of Hindley’s equatorial inftru- 
ments, was intended or adapted fo much for graduating 
circles as 1 for cutting the teeth of wheels in clock-work, 
(See CuTTiNG-JB»/i«e.) The year in which it was feen 
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by Mr. Smeaton was 1741* and, consequently, was in Gra- 
hatn*$ time, who died in 1751. According to the fame 
author, Mr. Ramfden, in confequence of the reward offered 
by the Board of Longitude to Mr. Bird, for his method 
of dividing, in the year 1760, turned his thoughts towards 
the contrivance of an engine that would divide nautical in- 
ftrumcnts with fufficient accuracy, without the tcdioufnefs 
of manipulation. Accordingly, confidcring the nature and 
properties of the endlefs fcrew, and probably contemplating 
what Hindley had previoyifly done in this way, he completed 
an engine with an indented plate, or wheel, of thirty inches 
diameter, which, though it did not completely anlwcr his 
expectations to their full extent, yet was found very ufeful 
for dividing theodolites and fuch common inftruments with 
great facility. This waseffetted before the fpring of 1768, 
and, in 1774, a muc h larger and better engine was produced, 
with an indented plate, of 45 inches diameter, which di- 
vided a fextant for Mr. Bird’s examination fo accurately, 
that the Board of Longitude, ever ready to remunerate any 
fuccefBful endeavour to promote the lunar method of de- 
termining the longitude at fea, did not helitatc to confer an 
handfome reward on the inventor, but on condition that the 
faid engine might be at the fervice of the public, and that 
Mr. Ramfden would publilh an explanation of his method 
of making and ufing it, whicli he accordingly did in a quarto 
pamphlet in the year 1777. The fum of money riven to 
Mr. Ramfden was 615/., of which 300/. was con fide red as 
a reward for his improvement in the art of dividing inilru- 
inents by means of his engine, and the remaining 315/. was 
paid ill coniidemtion of his making over the property of the 
laid engine to the Commiflioners of Longitude, for the good 
of the public. The defeription which Mr. Ramfden pub- 
lished, being (hort and explicit, cannot well be abridged, and 
the drawings, intended as a guide for other artifts to work 
by, are explanatory of all the parts of the engine, as de- 
tached from one another ; we have therefore given reduced 
engravings of all the figures, as they were originally ar- 
ranged, and propofe to copy the delcription without any 
other alteration than what the references to our plates re- 
quired. 

Mr. Ramfden' s Engine , — “ This engine confifts of a 
large wheel of bell-mttal, fupportod on a mahogany Hand, 
having three legs, which are ftrongly connetted together by 
braces, fo as to make it perfettly Heady ; fig. 1. Plate VII. 
of Engines^ is a perfpeftive reprefentation* of the body thus 
united. On each leg of the Hand is placed a conical fnttion- 
pullcy, whereon the dividing- wheel refts: to prevent the 
wheel from Hiding off the frittion-pulleys, the bell-metal 
centre under it turns in a fockct on the top of the Hand. 
The circumference of the wheel is patched or cut, by a me- 
thod to be hereafter described, into 2160 teeth, in which an 
endlefs fcrew atts. Six revolutions of the fcrew will move 
the wheel a fpace equal to one degree. Now a circle of 
brafu being fixed on the ferew-arbor, having its circumfe- 
rence divided into 60 parts, each divifion will anfwerto a mo- 
tion of the wheel of ten fecouds ; fix of them will be equal 
to a minute, &c. Several different arbors of tempered Heel 
are truly ground into the focket in the centre of the wheel. 
’I he upper pari9 of the arbor, that (land above the plane, 
are turned of various fixes, to fuit the centres of different 
pieces of work to be divided. When any inftrument is to 
be divided, the centre of it is very exattly fitted to one of 
thefe arbors, and the inftrument is fixed aown to the plane 
of the dividing wheel, by means of (crews, which fit into 
holes made in the radii ot the wheel for that purpofe. The 
inftrument being thus fitted on the plane of the wheel, the 
frame which carries the dividing.point is cormetted at one 
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end by finger-ferews with the frame which carries the end- 
lefs fcrew ; while the other end embraces that part of the 
Heel arbor which (lands above the inftrument to be divided, 
by an angular notch in a piece of hardened fteel ; by thefe 
means both ends of the frame are kept perfettly Heady and 
free from fliake. 

The frame carrying the dividing-point, or tracer, is made 
to Hide on the frame which carries the endlefs fcrew to any 
diftance from the centre of the wheel, that the radius of the 
inftrument to be divided may require, and may -be there 
faftened by a pair of clamps 5 and the dividing-point, being 
connefted with the clamps by the double-jointed frame, ad- 
mits a free and eafy motion towards or from the centre, for 
cutting the divifions without any lateral (hake. From what 
has been faid it appears, that an inftrument thu3 fitted on 
the dividing-wheel may be moved to any angle by the fcrew 
and divided micrometer circle on its arbor, and that this 
angle may be marked on the limb of the inftrument with the 
greatell exattnefs by the dividing-point, which can only 
move in a dirett line tending to the centre, and is altogether 
freed from thofe inconveniences that attend cutting by means 
of a ftraight edge. This method of drawing lines will alf© 
prevent any error that might arife from an expanfion or con- 
traction or the metal, during the time of dividing. The 
ferew-frame is fixed on the top of a conical pillar, which 
turns freely round its axis, and alfo moves freely towards or 
from the centre of the wheel, fo that the ferew-frame may 
be entirely guided by the frame which cotinctts it with the 
centre : by thefe means any eccentricity of the wheel and 
the arbor would not produce any error in the dividing ; and 
by a particular contrivance, hereafter deferibed, the fcrew, 
when preffed again ft the teeoth of the wheel, always moves 
parallel to itfelf ; fo that a line joining the centre of the ar- 
bor and the dividing-point, continued, will always make 
equal angles with the fcrew. The reft of the parts are re- 
presented in Plates VIII. and IX. of Engines , where the 
figures are numbered in fuccefiion from 2 to 14 inclufivcly, 
which are more ealily referred to than the figures in the ori- 
ginal plates. Fig. 2 is a plan of reduced dimenfions, of 
which jfjf. 3 reprefents a fettion on the line IT A. The large 
wheel, A, is 45 inches in diameter, and has 10 radii, each 
fuppoited by edge bars, as fetrn in jig. 3. Thefe bars and 
radii are connetted by the circular ring B, 24 inches in dia* 
meter, and 3 deep; and, for greater ftrength, the whole is 
call in one piece in bell-metal. As the whole weight of the 
wheel, A, refts on its ling B, the edge-bars are deepell 
where they join it ; and from thence their depth diminilhes, 
both towards the centre and circumference, as fecn in the 
figure. The furfaco of the wheel; A, was worked very 
even and flat, and its circumference turned true. The 
ring C, of which a fettion is fecn in .fg. 3, made of fine 
brafs, was fitted very exattly on the circumference of the 
wheel, and was faftened then eon with ferews, which, after 
being ferewed as tight as poA.hle, were well rivetted. The 
face of a large chuck being tunit d very true and flat in the 
lathe, the flattened furface, A, of the wheel was faftened 
againft it with hold fafts j and the two furfacesand circum- 
ference of the ring C, a hole through the centre, and the 
plane part round it, together with the lower edge of the 
ring B, were all turned at the fame time. D is a piece of 
hard bell-metal, having the hole that receives the fteei-arbor 
made very ftraight and true. This bell-metal was turned 
very true on its arbor, and its face, that refts againft the 
wheel, was made very fiat, fo that the fteei-arbor might 
(land perpendicular to the plane of the wheel : this bell- 
metal was faftened to the wheel by fix fteel fcrewi . A brafa 
focket, Z, is faftened on the centre of the mahogany ft and. 
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arid'neeetvesthe lower part of the bell-metal piece D, being 
made to touch the bell-metal in a narrow part near the 
mouth, to prevent an 7 obliquity of the wheel from bending 
the nrbor : good fitting is by no means neceffary here, fince 
any (hake in this focket will produce no bad effeft, as will 
appear when the cutting-frame is defcribed. The wheel 
was then put on its (land, the lower edge of the ring, B, 
refting on the circumference of the three conical friaion- 
pulleys W, to facilitate its motion round its centre. The 
axis of one of thofe pulleys is in a line joining the centre of 
the wheel and the ityddle of the endlefs fcrew, and the otlier 
two placed fo as to be at equal diilances from each other. 
F is a block of wool! {Jig. i.), (trongly faftened to one of 
the legs of the (land; the piece, g (jigs* 1 and 12.), is 
[crowed to the upper fide of the block, and has half holes, 
in which the tramverfe axis, h t (.figs. 1 and 11.) turns; 
the half holes are kept together * by the fcrcWs u The 
lower extremity of the conical pillar, P, (/ ?J . 1 and 11.) 
terminates in a cylindrical Heel pin k t which pafles through 
and turns in the tranfverfe axis h > and is confined by a cheek 
and fcrew. To the upper end of the faid conical pillar is 
faftened the frame G, [figs. 5 and 9.), in which the end- 
lefs fcrew turns ; the pivots of the fcrew are formed in the 
manner of two frufta of cones joined by a cylinder, as re- 
prefented at X, in fig. 9. Thefe pivots arc confined be- 
tween half holes, which p refs only on the conical parts, but 
do not touch the cylindrical parts ; the half holes are kept 
together by ferews, a , a y which may be tightened at any 
time, to prevent the fcrew from (baking in the frame. On 
the ferew-arbor is a fmall wheel of brafs, K, having its ont- 
fide edge divided into 60 parts, and numbered at every 6th 
divifion with 1, 2, &c. to 10. The motion of this wheel 
is (hewn by the index, y, on the ferew-frame G. H repre- 
fents part of the (land (fg. 1.) having a parallel flit in the 
dire&ion towards the centre of the wheel, large enough to 
receive the upper part of the conical brafs pillar P, which 
carries the fcrew and ks frame ; and as the refiftance, when 
the wheel is moved by the endlefs fcrew, is againft that 
fide of the flit, H, which is towards the left hand, that 
fide of the flit is faced with brafs, and the pillar is prefled 
igain ft it by a (led fpring on the oppofite fide : thus is the 
pillar ftrongly funported laterally, and yet the fcrew may 
be eafily moved from or againft the circumference of the 
wheel, and the pillar will turn freely on its axis, to take 
any dire&ion given it by the frame L, lying over the wheel 
i nfg. 1, and feen more diftin&ly in fg. 13. 

At each corner of the piece I, feen in fg. 1, and alfo 
detached in fg. 8, are as many ferews, », of tempered fteel 
with polifhed conical points: two of them turn in conical 
holes in the ferew-frame, near 0, fig. 9 ; and the points of 
the other two turn in holes in the piece Q, fg. 7; the 
final! end. ferews, p, are of fteel, which, being tightened, 
prevent the conical pointed ferews from unturning, when 
the frame is rhoved. TIip brafs frame L, fgs. 1 and 13, 
ferves to conne& the endlefs fcrew, its frame, &c. with the 
centre of the wheel ; each arm*of this frame is terminated 
by a fteel fcrew; that may, be paffed through any of the 
hol«*s, 7, in the piece *Q, fg. 7, as tlie thickneis of the 
wort to be divided on the wheel may require* and are 
faftened by the finger-nuts r, feen in fgs. I and 2*. At the 
other end of this frame is a flart piece of tempered' fteel b % 
wherein is an angular notch : when the endlefs fcrew is 
ptefled againft the teeth of the circumference of the wheel, 
which may be done by turning the finger-ferew S* feen in 
fgU t and 2, to prefs againft the fpring /, this notch enrw 
t races, and prefles againft the fteel arbor d. This end of the 
fame,. to% may be raifed or deprefied, by moving the tri* 


angular or prifmatic Aide u (fg, 24. which may be fixed 
at any height by the four fteel ferews v. The bottom of 
this (Jide has a notch i f having its plane parallel to the end- 
lefs fcrew ; and by the point of the arbor refting in thia 
notch, this end of the frame is prevented from tilting : the 
fcrew, S, alfo is kept faft by tne finger-nut w, in fg. 2. 

The teeth on the circumference of the wheel were cut by 
the following method. Having confidered what number of 
teeth on the circumference would be mod convenient, which 
in this engine is 2 160 or 360 x 6, I made, fays Mr. Ramf- 
don, two ferews of the lame dimenfions of tempered fteel, 
the interval between the threads of which being fuel as 1 
knew by calculation would come within the limits of what 
might be turned off the circumference of the wheel ; one of 
thefe ferews, which was intended for ratching or cuttiug 
the teeth, was notched acrofts the threads, (o that the fcrew, 
when prefled againft the edge of the wheel and turned round, 
cut in the manner of a faw. Then having a fegment of a 
circle a little greater than^6o°, of about the fame radius 
with the wheel, and its circumference made true from a 
very fine centre, I defcribtd an arch near the edge, and fet 
off the chord of 60 on this arch. This fegment was fub- 
(lituted for the wheel, and had its edge ratched or indented ; 
and the number of revolutions and parts of the fcrew head 
contained within the arch of 60" wfcre counted. The radius 
was corre&ed in the proportion of 360 revolutions, which 
ought to have been in 60 , to the number actually found ; 
and the radius fo corre&ed was taken in a pair of beam com- 
paffes : while the wheel was on the lathe, one foot of the 
compafles was put in the centre, and ™jth the other a t *clc 
was defcribed on the ring; then half th*. tepth of the threads 
of the fcrew being taken in the dividers, was fet from 
this circle outwards, and another circle was defcribed 
cuttiug this point ; a hollow was then turned on the edge 
of the wheel of the fame curvature as that of the fcrew* 
at the bottom of its threads; the bottom of this hollow was 
turned to the fame radius as the outward one of the two circles 
before-mentioned. 

The wheel was now taken off the lathe, and the bell- 
metal piece T),fg. 3, was again fere wed to its place, trot to 
be removed any more. From a very exa& centre, a circle 
was defcribed on the ring C. y fig. 4, about , 4 0 tha of an inch 
within where the bottom of the teeth would come; this 
circle was divided with the greateft poflible exa&uefs, firft 
into 5 parts, and each of thefe again into 3 ; thefe parts were 
then bife&ed 4 times ; 1. e. fuppofing the whole circum- 
ference of the wheel to contain 2160 teeth, a fifth part 
would be 432, a fifteenth part (or 5 x 3) would be 
144, and this laft number bile&ed four times would give 
72, 36, 18, and 9 refpe&ively 5 but as it was apprehended 
that fume inaccuracy would arife from qumquefe&ion 
and trife&ion, another circle was defcribed on the fame 
ring, at T ’ G th of an inch within the former circle, and 
divided by continual bifedtions into the portions 2160, 1080, 
540. 270, 135, 67?}, and 33 i ; and as the fixed wire, to be 
defcribed prefently, eroded both the circles, it was a check 
on their agreement at every 135 revolutions, and after 
ratching at every 33 1 5 hut as no fenfible difference waa 
perceived in the two circles, the former was chofen for ratch- 
ing t and as the coincidence of the fixed wire with an inter- 
fe&ion would be more exa&ly determined, than with a dot 
or divifion, the interferons in both circles were ufcd. 

The arms of the. frame l»,fgs. 1 and 13, were connected, 
by a thin piece of brafs i of an inch broad, havifig a hole 
of ^rths.of an inch diameter in the middle ; acrofs this hole 
a diver wire was fixed exactly in a line to the centre of ihe 
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wheel $ the coincidence of tliii wire with the interfeftions 
was examined by a Ien« of T 7 0 ths of an inch focus, fixed in a 
tube, that was attached to one of the arms L. Now a 
handle, or winch, being fixed on the end of the ferew-arbor, 
the divifion maiked io on the circle K was fet to its index, 
and, by means of a clamp and adjufting ferew for that pur- 
pofe, the interfedion marked I on the circle C was fet 
exactly to coincide with the fixed wire 5 the ferew was then 
carefully preffed againft the circumference of the wheel, by 
turning the finger-fere w S ; then, the clamp being removed, 
the ferew was turned by its handle juft 9 revolutions, till the 
interfe&ion marked 240, fig. 4, came nearly to the wire ; 
the finger-ferew S was now turned back, and the dividing 
ferew releafed from the edge of the wheel, which was here 
turned back till the interfeftion marked 2 exactly coincided 
with the wire ; the divifion 10 on the micrometer circle was 
then fet to its index as before, and the ferew prefled againft 
the edge of the wheel by the finger* ferew S ; then, the 
clamps being removed, the ferew was turned a fecund 9 re- 
volutions, till the interfe£lion marked 1 nearly coincided with 
the fixed wire ; the ferew was again releafed, and the fame 
operation was repeated till the teeth were faintly marked all 
round the circumference of the wheel. The impreflion was 
made deeper by thus going three times round ; after which 
the wheel was ratchcd continually round 300 times in the 
fame direction, without difeugaging the ferew, when the 
teeth were found fufficiently indented. Now, it is evident, 
that, if the circumference of the wheel were even a whole 
tooth or ten minutes fpace greater than the ferew would 
require, this error would, in the firil inftancc, be reduced 
to ^^th part of a revolution, or two feconds and a half ; 
and thefe errors or inequalities of the teeth were equally 
diftributed round the wheel at the di dance of 9 teeth from 
each other ; but, as the ferew in ratching had continually 
hold of feveral teeth at the fame time, and as thefe were 
conftantly changing, the above-mentioned inequalities foon 
corre&ed themfclves, and the teeth were reduced into a per- 
fe& equality. 

The piece of brafs which carries the wire was now taken 
away, and the cutting-fcrew alfo removed, and replaced by 
the plane one of the lame dimenfions ; on one end of its ar* 
bor was put the micrometer circular plate divided into 60, 
and numbered at every fix divifions, as already ftated ; and 
on the other end wa9 placed a ratchet-wheel of 60 teeth, feen 
in fig. 6, which is covered by the hollowed circle d, carrying 
two clicks, that catch upon the oppofite fides of the ratchet, 
■when the ferew is to be moved* forwards. The cylindev 8, 
Jigs, c and 9, turns on a ftrong fteel arbor F, feen in Jig. j, 
which pafles through, and is firmly ferewed to the piece Y ; 
this piece, for greater firmnefs, is attached to the ferew frame 
G by the braces v: a fpiral groove or thread is cut on the 
outfide of the cylinder S, which ferves both for holding the 
firing, and alfo for giving motion to the lever J on its cen- 
tre 'ijigt* 9 and 10, by means of a fteel tooth n that works 
between the threads of the fpiral. To the lever is at- 
tached a ftrong fteel pin m 9 fy. 10, on which a brafs focket 
r turns : this Tocket pafles through a flit in the piece p f 
and may be tightened in any part of the (lit by the finger* 
nut fi this piece ferves to regulate a number of revolutions 
of tne ferew for each tread of the treadle R, feen in Jig. 1. 
T, in Jig. i, is a brafs box, containing a fpiral fpring : a 
ftrong gut is fattened and turned three or four times round 
the circumference of this box ; the gut then pafles feveral 
times round the cylinder S 9 Jigt . x and o, and from thence 
down to the treadle R. Now, when the treadle is prefled 
down, the firing pulls the cylinder S round its axis* and 
the dicks laying hold of the teeth on the ratchet, carry the 
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ferew round with it, till, by the tooth n working in the 
fpiral groove, the lever J is brought near the wheel </, fig. 6, 
and the cylinder is (lopped by the fciew-head x f Jig. 9, 
ttriking on the top of the lever J ; at the fame time the 
fpring is wound up by the other end of the gut palling round 
the box T>Jig i* Now, when the foot is taken from the 
treadle, the Ipring in the box unbending itfelf, pulls back 
the cylinder, the clicks leaving the ratchet and attached 
ferew at reft till the piece / ttrikes on the end of the piece 
p* jig- 10; and the number of revolutions of the ferew at each 
tread is limited by the number of revolutions that the cy- 
linder is allowed to turn back before the flop ftrikes on the 
piece p. When the endlefs (crew is moved round its axis 
with a confiderable velocity, it will continue that motion a 
little after the cylinder S is (topped 5 to prevent which an- 
gular motion, the angular lever n was made, that when the 
lever J comes near to ilop the ferew #, it, by a fmall chant* 
fre, profiles down the piece * of the angular lever; this 
brings the other end » of the fame lever forwards, and (lops 
the endlefs ferew by the fteel pin /u. ftriking on its top ; the 
foot of the lever is again raifed by a fmall Ipring prefling on 
the brace v. 

Two clamps D,^. 13, connedled by the piece a* jig* 1# 
Aide, one on each arm of the frame L, and may be fixed at 
pleafure by the four fingcr-fcrews 1, which prefs againft 
fteel fprings, to avoid fpoiling the arms ; the piece q*Jig. 
13, is made to turn w ithout (hake between the two conical 
pointed ferews j \ f, fet fall by the finger-nuts N, N. The 
piece M is made to turn on the piece y, by the conical 
pointed ferews refting in the hollow centres e, e. As there 
is frequent occaiion to cut divifions on inclined planes, for 
that purpofe the piece y, in which the tracer or dividing 
point is fixed, has a conical axis at each end, which turn 
m half holes ; fo that when the tracer is fet to any inclina- 
tion, it may be fixed there, by tightening the fteel ferews 

fit-” 

Subsequently to the time of Mr. Ramfden’s dividing 
engine being conftru&ed, Mr. Edward Troughton con- 
ftrufted one to anfwer the fame purpofe, which it does 
in the moft perfe£l manner ; and it was our intention to have 
deferibed it alfo in this place, but on application to him for 
permiflion to infpeft its parts and manner of operating, we 
were forry to learn that he has pledged himfelf to give an 
account of it himfelf in another work. 

Engine (by Ramfden) for cutting the Screws. of the cir- 
cular Dividing -! 'Engine. — -W e mean not to enter here into 
the hiftory of the ferew-engine, as it may be, and has been 
applied to various purpofes, but to deferibe the engine made 
and ufed by Mr. Ramfden for making the individual ferews 
which he ufed for ratching his engine for dividing circles, 
&c., and for meafuring the angular diftancc on his circle 
when ratched. This apparatus, indeed, may be confidercd 
as an appendage to the other, and therefore ought to be in- 
troduced in this place. Fig. x.of Plate X. of Engines , re- 
presents this engine as feen from one fide of reduced dimen- 
fions $ and Jig. 2, the fame as feen from above, of the fame di- 
men fion s« A reprefen t s a triangular bar of fteel, to which the 
triangular holes in the pieces B and C are aocurately fitted, 
and may be fixed on any part of the bar by the ferew D. E is 
a piece’ of fteel whereon the ferew » intended to be cut, 
which, after being hardened and tempered, has its pivots 
turned in the form of two frufta of cones, as repre tented 
in the drawings of the dividing-engine. Thefe pivots were 
very exa&lv fitted to the ’halfholes F and T, which were 
kept together by the ferews Z. H reprefents 1 ferew of 
untempered fteel, having a pivot I, which turns in the hole 
K* At th*otherend ofthe fere wit a hollow centre, which 
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wccite* the Itrdcncd cortical point of the fteelpin M. When 
jhi* point is {efficiently prefled againft the fcrew, to prevent 
its making, the fteel pin may be fixed by tightemug the 
ferews Y* N is a cylindrical nut, moveable on the fcrew 
H* which, to prevent any {hake, may be tightened by the 
ferews 0 . This nut is conne&ed with the faddle-piece P, 
by means of tfce intermediate univerfal joint W, through 
which the arbor of the fcrew H pafles. A front view of 
this piece, with a feftion acrofs the ferew-arbor, is repre- 
fentedat X,//, 3, This joint is connected with the nut 
by means of two fteel flips S, which turn on pins between 
the cheeks T, on the nut N. The other end of thefe flips 
S turn in like manner on pins a, One axis of this joint, 
turns in a hole in the cock b , which is fixed to the faddle- 
piece, and the other turns in a hole d, made for that purpofe 
in the fame piece on which the cock 6 is fixed. By thefe 
means, when the fcrew is turned round, the faddle-piece 
will Aide uniformly along the triangular bar A. K is a 
fmall triangular bar of well-tempered fteel, which Aides in 
a groove of the fame form on the faddie-piece P. The 
point of this bar or cutter is formed to the ftiape of the 
thread intended to be cut oivthe endlefs fcrew. When the 
cutter is to take proper hold of the intended fcrew, it may 
be fixed by tightening the fcrew e, which prefs the two 
pieces of brafs G upon it. Having mcafured the circum- 
ference of the dividing-wheel, it was found to require about 
one thread in a hundred, coarfcr than the guidc-fcrew H. 
The wheels on the guide-ferew arbor H, and that on the fteel 
aibor E, on which the fcrew was to be cut, were propor- 
tioned to each other to produce that effe£l, by giving the 
wheel L 198 teeth, and the wheel Q 200. Thefe wheels 
communicated with each other by means, of the intermedi- 
ate wheel R, which alio ferved to give the threads on the 
two fciews the fame direction. The faddie-piece P is con- 
fined on the bar A by means of the pieces g 9 and may he 
made to Aide with a proper degree of tightnefs by the 
ferews n . 

Engine for cutting the Screw of Ramfden' s Engine for 
dividing Straight Lines . — The exa&nefs of the ftraight line 
engine, as made by Ramfden, depends very much on the 
corredtnefs of the endlefs fcrew, which requires fome pro- 
perties that are not abfolutely neceflary in the endlefs fcrew 
fur the circular engine. In that, as there are but a few 
threads of the endlefs ferew engaged in the teeth of the 
wheel, it required only that thole threads fhould have I fimi- 
lar inclination to the axis of the fcrew all round; but in the 
ftraight-Iine engine, where the whole length of the fcrew is 
engaged in the moveable plate, it is neceflary that the dif- 
tances alfo between the threads fliould be precifely the fame 
throughout the whole length of the fcrew : as this is ef- 
fected in a manner in fome refpe&s different from the mode 
of cutting the fcrew we have juft described, we (hall fnbjoin 
it here, that the reader may take a comparative view of the 
two methods adopted by that great artift Ramfden, In 
Jig. 1, of Plate X I. of Engines , is a plan of the engine for 
cutting the fcrew for dividing fir aight lines ; and injfy. 2, is 
an elevation of the fame. The fe&ion, as given in the ori- 
ginal account publifhed in 1779, does not feem to be ne- 
ceflary for explaining the engine, and is therefore omitted in 
our account. A, in^. 1, represents a ftrong circular plate 
of brafs, having its edge ratchcd, as deferibedin our account 
of the circular dividing-engine ; on its centre is firmly fixed 
the pulley B by four lcrevrs, having a groove turned on its 
cylindrical part, perfe&Iy concentric with the plate A. 
C, in fig* 2, is a fteel axis two feet long, terminating in a 
point, whereon it refts ; the upper part of the axis being 
firm ly ferewed to the plate A, and turning in the collar D« 
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E represents an' endlefs fcrew, fig . t, which bwng fumed 
on its horizontal axis, mores the circular plate A round its 
centre: F is a circular divided fmall plate, or micrometcr- 
head, which may be turned with or without the endlefs 
fcrew 5 and on the other end of this ferew-arbor is a large 
pinion 0, with levelled teeth on its edge, together with the 
winch X to turn it bv. G, feen in both figures, is a tri- 
angular bar of fteel, winch pafles over the circular plate A, 
and is firmly ferewed to the frame of the engine at H,^. i 9 
and I, fig, 2. K is a piece of fteel forming the arbor of the 
fcrew intended to be cut, having a wheel L, on one end 
acting with the pinion a before-mentioned. M and N, 
fig* 1, are two ftrong pieces of brafs, iu which the arbor 
juft mentioned turns, and are firmly fixed to the triangular 
bar G, by means of the ferews «, #1, feen at I, in Jig . 2, 
0 , feen in both figures, is apiece of brafs that Aides on the 
triangular bar G, the two extremities of which are made 
exaaly to fit the bar; it Aides regularly thereon, and is 
prevented from rifing by the two fpring pieces c y c ; near 
one end of the piece O is an angular groove q%fig* 1, that 
holds the tool by which the threads art* cut, and is pointed 
with a diamond, in order to cut the fteel after it is hardened 
and tempered : the cock w ferves to fallen the tool, which 
may he fet to take proper hold on the fteel by turniug the 
fin^er-ferew j, and is fixed there by the ferew v. 

To make a perfect fcrew, it is only required to give the 
point that cuts the threads an uniform motion parallel to it- 
felf, and alfo to the axis of the intended fcrew, and that this 
motion be proportioned to the revolutions of the intended 
fcrew as the number of threads may require. To cfledl this, 
a piece of thin tempered fteel /, exactly of the fame thick- 
nefs throughout, is faftened to the Aide O at rj the other 
end of the fpring being faftened to the pulley B in the 
groove : now while the circle A, with the pulley, is turned 
round its centre by turning the endlefs fcrew to the right 
hand, the fpring / draws the Aider O, with the attached 
cutter y, along the triangular bar; at the fame time the 
fteel-arbor K of the fcrew to be cut revolves by means of 
the communication of its wheel L with the revolving pi- 
nion a. 

The fcrew, E, of the circular plate has 20 threads per 
inch, therefore if the number of teeth on the pinion, a , be 
to the number in the wheel L, as the number of teeth on 
the circular plate, A, is to the number of 20ths of an inch 
round the circumference of the pulley B, allowing for part 
of the thicknefs at the fpring /, the ipuces between each of 
the threads of the fcrew to be cut will be alfo 20ths of an 
inch. The fize of the pulley, B, was determined thus; 
the endlefs fcrew, E, being difengaged from the circular 
plate A, the Aider, 0 , was drawn back till the end of it 
came nearly to the piece M ; the endlefs fcrew was again 
engaged in the plate A ; then having two very fmall dots 
on the Aider 0 , fet off parallel to one fide, at exaftly five 
inches diftancc from each other, the Aider was moved by 
turning the endlefs fcrew E, till one of its dots was bife&ea 
by a fmall filver wire fixed acrofs a hole made in a thin piece 
of brafs fall to the piece N 5 then O on the micrometer head, 
F, being put to the index without moving the lcrew, the 
pulley was tried and reduced, till juft 600 revolutions of the 
endlefs fcrew, E, brought the fecond dot to be exa&ly bi- 
feded by the fixed wire. Thefe bife&ions were examined 
by a lens of half an inch focus, fet in a fmall brafs tube, that 
was fixed perpendicularly over the wire. 

Engine for dividing firaight Lines , by Ramfden. — When 
Mr. Ramfden had fucceeded in dividing fextante, &c. by 
his circular dividing engine, and was rewarded by the 
honourable Board of Longitude, he turned his mind to- 
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wards the contrivance of an engine that would divide ftraight 
lines into any number of aflignable parts, and that might be 
isfeful in laying down with extreme accuracy the lines of 
fines, tangents, fecants, & c. on feftors and plane feales. 
The project was realized, and the account was ordered to be 
publifhed by the Board of .Longitude, in the year 1779. 
We do not find, however, that the original model, which 
we come now to defenbe, has been found defirable to copy 
by fuccccding mathematical inllrumeut makers : more fimple 
and lefs expenfive means have been adopted, which are 
found to anlwer practically as good a purpofe. A beam- 
corn pa fs, aided by proper tables, is quite accurate enough 
for the niceit purpofes of dividing unequal, as well as equal, 
divifions by bife&son ; and a pattern once carefully laid 
down can be ufed, for transferring the divifions on the com- 
mon cafes of inftruments, with greater facility than the en- 
gine itfelf can be worked ; and, provided great care be taken 
to prevent the parallax of the transferring point, the accu- 
racy will be fufficient for all ordinary ules. This engine, 
which profefTes to divide any line without an error of th 
of an inch, has its principal parts reprefented in Plate XII. 
of Engines ; where Jig . 1, reprefents a plan of the dividing 
portion, as feen from above ; Jig. 2, an elevation of the 
fame feen acrofs ; and fig . 3, the under fide offg. 1, when 
turned up. The original account contains fome fe&ions, 
which are more lifeful for the workmen as patterns, than for 
a general defeription, which may difpenfe with them alto- 
gether. A, it) Jig. 1, is a ftrong brafs plate* 27 inches 
long, 4 broad, and , 7 0 tli» thick ; worked exceedingly flat, 
and of the fame thicknefs throughout, with its two edges 
parallel. One of thefe edges is ratched, or cut into teeth, 
of which there art- jufl 20 in aif inch, and is moved by an 
endlefs ferew, containing juft 20 threads in an inch, which 
actuates the teeth. (See Engine for cutting the Screw of 
Ram fdm y s fraight-hne Engine.) Each revolution of the 
endlefs ferew round its axis will move the plate T ^ths of 
an inch along an iron frame, hereafter to be deferibed. A 
micrometer head is fixed at one end of the ferew arbor, di- 
vided into 50 divifions, which, by meanB of a vernier fnb- 
dividing into 5 parts, meafures 1 <•>&. *th8 of an inch along 
the frame. Any rule or other inftrument may be faftened 
on this plate, and may have a line drawn on it divided by a 
point or tracer, fixed iu a proper frame, whereby it has a 
rectilinear motion without any lateral {hake. When lines 
are to be divided by divifions not commenfurable with Eng- 
lish inches, which conflitute the fcale, the line to be fo di- 
vided may be laid down, not parallel to the plate A,' blit 
obliquely, fo as to make an angle with it, or become the 
hypothenufe line of a right-angled triangle ; which line, by 
calculation, fhall be to the bafe as the denomination of 
meafure, when longer, is to the Englifh inch ; that is, as 
the fecant is to tne radius of the triangle, provided the 
tracer draws lines at right angles to the fide of the plate ; 
but if the traced lines be at right angles to the line to be 
divided, then the divifions on that line will be fhorter than 
they would be on a parallel line of the plate, and in the pro- 
portion of the co-fine of the angle of inclination to radius. 
In order to adjuft the inclination of a ruler laid on the plate 
A, two fe&oral portions of a circle are laid down on one of 
its ends, with an extent from the point J, near the fixing 
fere ws on the edge of this plate. The outer fe&or is di- 
vided into proper degrees, and is numbered from 1 to 9, 
which degrees are fubaivided into 6, or 10 minutes fpaces ; 
but the inner fe&or is divided into the proportion of tne co- 
fines to radius 10,000, and its divifions are numbered 10, 
80, $0, &c. to 140. The ufe of this contrivance will be 
b eft underftood by an example : for inftance, if a line of 
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were to be divided into the fame number of divifions,. 
and in the fame manner as if it were 10 inches long exa£Uy ; 
put the ruler to be divided to the cutting frame, hereafter 
deferibed, and turn the handle, T, that moves the appa- 
ratus, till the fame edge of the ruler cuts the central point J, 
and the firft divifion from the O of the inner fe&orj then 
ferew the ruler faft to the plate A, and when it has moved 
ten inches in its own direction, the whole length of the di- 
vifions on the line divided will be only inches, though 

the divided fpaces will be refpe&ively equal among them- 
fclves. It is not neceffary for us to particularize the pre- 
cautions taken, in making all the fpaces of the teeth ratched 
equal to each other, during the a& of ratching, which was 
done with a notched ferew : this was done by means of 
points previoufly made and examined, with a wire at every 
16 revolutions of the ferew, till the teeth were a little in- 
dented to guide the ferew along the whole line by continual 
revolutions, as was the cafe in the circular dividing inftru- 
ment, more particularly deferibed, bccaufe found more 
particularly ufeful. B, in fg. 1, is a ftrong iron frame, 48 
inches long, having two edges, a and h 9 riling half an inch 
above its lurface ; thefe two edges are made very ftraight, 
and are in the fame plane ; the infide of the edge a is alfo 
made as ftraight as pofiible. The plate, A, Aides on the 
two edges of the iron frame 5 beneath it are two fprings, 
c, c , feen in fg. 3, each faftened at the extreme ends to tne 
plate A, by the ferews, j, s ; at the other end of each 
fpring is a roller, r, of tempered Heel, turning on an axis 
in .thefe fprings 5 there is alfo a third roller, cl 9 of tempered 
fteel, let into the iron frame, not feen, near wdiere the 
threads of the endlefs ferew aft ; this roller has a long axis, 
fo lituated that it may be raifed or depreffed as oceafion 
may require, to bear the weight of the plate A, and rule 
or inftrument placed on it. C> in fgs . I and 2, is the end- 
lefs ferew of tempered fteel, with pivots of two frufta of 
inverted cones, iimilar to thofe deferibed in the engine for 
dividing circles, See. which turn in adjnftable half holes m 
brafs cocks ferewed to the iron frame. G, G, in fg. 3, ire 
two fm&ll fteel frames turning on centres, k 9 faftened to the 
underfide of the plate A, and equidiftant from the edge of 
it ; in each frame is a roller, y 9 of tempered fteel, turning 
very concentric with their pivots, and exadtly of the fame 
diameter. The two fmall frames are connected together by 
the long brafs bar E, which turns on a ftud in each frame, 
and which preferves its parallelifm, on the principle of a 
common parallel ruler. This apparatus ferves to prefs the 
edge of the plate, A, with a motion parallel to itfelf againft 
the threads of the endlefs ferew. On the end of the plate, 
A, is a fpring of tempered fteel, acting as a bent lever. 
The fpring end of this lever has a ketch which pafles under 
the head of the ftud /, that is on the end of the conne&ing 
piece E. While the other end of the lever is prefled gradually 
down towards the plate A, by turning the finger-ferew F, 
the conne&ing piece, E, is drawn forward, fo that the 
fteel rollers, borne by the fprings T, in fg. 3, prefling 
againft the edge, a 9 of the iron frame, in fg. i> may force 
the fide of the plate againft the endlefs fcreW. 

Befides the micrometer head, already named, the arbor 
of the dividing ferew, which has its threads fimilar to thofe 
of the notched ratching ferew, has at its oppofite end two 
fets of ratched wheels 5 one fet for turning the ferew, and 
the other fet for flopping it at the proper times. Thefe 
fets are each compofed of three wheels, of which one has 
32 teeth, another 48, and the third 50, which afford the 
means of fubdividing the inch into fpaces of different de- 
nominations ; thofe wheels ufed in flopping the ferew are 
ratched* with the teeth pointing in a contrary dire&ion to 
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thdfe of the wheels for putting it in motion. 1 reprefeuti 
a cylinder of brafs, having on one end two tteel rings, a and 
i 9 with their contiguous edges cut into ratched teeth, in 
contrary directions, fo as to fit each other as feen in the 
figure ; on one of thefe rings is an index, and the other has 
its teeth numbered jo, 20, See. up 1050; the other end 
ot the cylinder is made hollow, and contains one of the fets 
of ratched wheels, already named. There are two flits op- 
pose each other, pierced through the hollow part of the 
cylinder W ; in each of which flits is a click turning on an 
axis, and preffed into the teeth of the ratched wheel by a 
fmall fpring ; thefe clicks may be moved along their axis, 
fo as to catch in any one of the three ratched wheels, and 
may be fattened at tnat place by a fmall tightening ferew s. 
The cylinder I, with the clicks, &c. turns on a tteel axis, 
attached to the piece K, in a line with the axis of the end- 
lefs lerew. Motion is given to this cylinder round its axis 
by a piec? of catgut, which hath one end fattened to the 
ratched ring b ; and the other end, after palling four or five 
times round the cylinder, is fattened to a treadle, and, on 
prefttng the treadle down, the clicks, catch in the teeth 
of one of the ratched wheels; by which contrivance the 
cylinder I, together with the endlefs ferew, is turned round 
its axis, and its motion carries the plate, A, along the iron 
frame, and at the fame time winds up the fpiral fpring u ; 
but on releafing the treadle, the laid fpring unbends itfelf, 
the clicks quit the ratched wheel, and leave the endlefs 
ferew at reft, wbilft the cylinder, I, turns in an oppufite 
dire&ion, and raifes the treadle to its former fituation. V, 
in Jig. 2, is a fmall fquare bar of tteel, having both its ex- 
tremities cylindrical} thefe cylinders move in holes lined 
with hardened tteel, one in the piece I), and the other in 
the piece IC. This bar carries three different pieces, which 
are of tempered tteel ; the middle one, /, is made to lie in 
the interval between the threads of the ferew cut on the 
cylinder, and paffes nearly half round its circumference : it 
is kept in the threads by a fpring, e, that preffes on a piece, 
q, ferewed to the iron frame ; this piece being attached to 
the bar, V, by a ferew, turning the cylinder, I, on its axis, 
will give a longitudinal motion to the bar V. The upper 
ftid of the piece /, Jig. 2, is formed into a hook, and may 
be fet to catch in the teeth of any of the ratchet wheels, 
and then be fattened to the bar, V, by a ferew / ; towards 
the other end of the bar is a piece j f which ferves to flop 
the cylinder in turning back, fo as to limit the number of 
revolutions and parts of a revolution required, and Ji faf- 
toned to any required place on the bar, V, by the fiugcr- 
ferew s. 

When the engine is itfed, the treadle is preffed down, 
•and the catgut turns the cylinder I ; in the mean time, the 

f iiece, /, moves along the thread till a ftud, r, on the cy- 
inder, ftriking on the top of the curved piece /, bends the 
fpring until that piece retts on the piece q ; by bending 
tnis fpring, the fquare bar is turned a little on its axis, and 
pulls the book, /, into the teeth on the ratched wheel R : 
then the treadle being releafed, the fpiral fpring turns back 
the cylinder till the piece, j, is brought under the hop on 
the ratchet ring b. The parts of a revolution are regulated 
by flatting the number required on the ratchet ring, b, to the 
index on the fixed ring a 5 each of the teeth anfwers to the 
motion of t - o Ah of an inch of the plate A \ and the num- 
ber of revolutions, each of which moves the plate,. A, 
tbs of an inch, is regulated by fetting the piece, j$ on 
the bar. I, in Jig. 1, reprefents the tteel frame in which 
the tracer is fixed ; this frame turns between the conical 
points of two Screws, it, n% of tempered tteel, which are 
screwed in the frame Q, Jig* 2 ; there aie alfo two fimilar 
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ferews in the fame frame Q, at m,m; the points of thefe 
ferew 8, which arc alfo ol tempered tteel, turn in conical 
holes in the piece P ; by means of this parallel motion, the 
tracing point, by which the dividing lines are cut, will al- 
ways deferibe the fame line without any lateral bending; 
the tracer it put on the hole in the axis b r Jig. 1, and is 
fixed there by the four tightening feirws, f t that prefs the 
holding piece, r, againft the flattened pait of the axis of. 
motion. This fmall axis, which has its pivots formed of 
double cones, turns between half holes, and may be fixed 
when the tracer is fet to any required inclination, by tight- 
ening the ferews of preffure, s % s, /, s . Befides thefe parts 
of the engine, there is a hrafs ruler made as an appendage 
for fetting the line to be divided in its true fituation, but is 
not ncceffary to be particularly deferibed ; this ruler may be 
fet parallel to the edge of the plate A, or to any angle of 
inclination, by turning the handle T, which moves the 
piece P, with the cutting frame and ruler, on the centre x ; 
and the required position may be rendered permanent by 
tightening the capttan ferew p. 

Engine in Mining, is generally applied to the 

fhaft or well wherein the pumps are erected for fleeing u 
mine of its water; but in dittricts where the mines are re- 
lieved of water by toughs, as in the mountainous part of 
Jbcrbyfhire, it is common to find the lhafu at which tin y 
draw ore by a horfe-gm, called the cngine-ihdft, and the 
gin itfelf an engine. 

Engine to dui'w Fuzrs , in Gunnery, confifts of a wheel 
with a handle to it, to raifo a certain weight, and to let it 
fall upon the driver, by which the Jlrokes become more 
equal. 

Engine to dra<iv Fuzrs has a ferew fixed upon a three* 
legged Hand, the bottom of which has a ring to place it upon 
the (hell; and at the end of the ferew is fixed a hand-ferew, 
by means of a collar, which, being ferewed on the fuze, 
by turning the upper ferew, draws out or raifes the fuze. 

ENGINEER, or In gin ei-r, in its general fenfe, is ap- 
plied to a contriver or maker of any kind of ufeful engines or 
machines. 

In its more proper fenfe, it denotes an officer in an army 
or fortified place, whole bufmefs it is to contrive and in- 
fpeft attacks, defences, works, &c. The term engineer is 
faid to he of modern date, and to have been firft tifed in the 
year 1650, when one Cap. Thomas Rudd had the title of 
chief engineer to the king. In 1634 an engineer was called 
camp-matter general, and fometimes engine-matter, being 
always fubordinate to the matter of the ordnance. 

An engineer (hould be an able and expert mathematician, 
particulaily verfed in military architecture and gunnery; 
being often fent to view and examine the places intended to 
be attacked ; to choofe out and ihew the general the wcak- 
eft place ; to draw the trenches, alfign the places of arms, 
galleries, lodgments on the counteilcarp and half-moons ; 
conduct the works, faps, mines, &c. and appoint the work- 
men their nightly talk; he is alfo to make the lines of con- 
travallation; with the redoubts, See. 

Under the cttablilhment of the office of his majefly’s onf* 
nance in England, the corps of royal engineers confiftg of 
one colonel in chief, one colonel in fecond, three colonels 
commandant, fix colonels, 12 lieutenant-colonels, 27 cap* 
tains, 28 fecond-captains, 55 firft-lieutenants, 28 fecond- 
lieutenants, an infpc&or-gcneral of fortifications, his deputy 
brigade-major, adjutant, and quarter matter. 

The ettablilhment of the corps of invalid engineers com- 

| >rehends a colonel, lieutenant-colonel, captain, captain- 
ieutenant and captain, firft-lieutenant and fecood-iieu- 
tenant. 
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The corps of royal engines in Ireland con fills of a di- 
fettor, colonel, lieutenant-colonel, major, captain, captaih- 
lieutenant, and captain, and two nrftJieutenants. See 
Ordnance. 

Engineers, Civil, a denomination which comprifes an 
order or profeflioti of perfons highly refpeftahle for their 
talents and fcientific attainments, and eminently ufeful under 
this appellation, as the canals, docks, harbours,, light houfes, 
&c. amply and honourably teftify. This order of artifts is 
faid to have commenced in this country about the year 
1760, at which period the advancement of the arts and 
fcienccs was Angularly rapid, Tn 1771, Mr. Smeaton, lb 
well known in this department of fcience, projefted and 
eftablilhed an afffociation, or focicty of engineers. During 
an interval of 20 years, the number of members of this fo- 
ciety increafed to 65, of whom 15 were real engineers, and 
the rcfidue being compofcd either of amateurs, or of inge- 
nious workmen and artificers. In May 1 792 this fociety 
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was diffolved in confcquence of an unplcafant circumftance, 
which had interrupted its harmony; but a renewal of it, 
tinder a better form, was foon intended, though npt accotn- 
lifhed during the life-time of Mr. Smeaton. His death 
appened in OAober 1792, and the firfk meeting of the 
new inftitution, entitled “ The Society of Civil Engineers,” 
was held on April 15, 1793, by Mr. Jeffop, Mr. Mylne, 
Mr. Rennie, and Mr. Whitworth. According to the new 
conftitution of the fociety, it is divided into three claffes. 
The firft clafs, as ordinary members, confiftsof real engineers. 
The fecond clafs, as honorary members, is compofed of men 
of fcience, and gentlemen of rank and fortune, who have 
attended to the fubjeft of civil engineering. The third clafs, 
as honorary members alfo, confilts of artifts, whofe profef- 
fions and employments are connefted with what is called 
civil engineering. The meetings are held at the Crown 
and Anchor, in the Strand, every other Friday, during the 
feffion of parliament. See Reports of the late Mr. John 
Smeaton,. F.R.8. &c. vol. i. 4to. 1797. 
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Ether 


ETHER, in Cbemijlry, is a light, odorant, inflammable 
liquid, produced by the action of certain of the acids upon 
alcohol. The acids that have aftualty been employed for 
this purpofe are the fulphuric, the nitric, the muriatic, the 
acetic, and the fluoric ; whence originate as many fpecies, 
or perhaps varieties of ether, all of which we Ihall defcnbe 
in due order. 


§ I . Sulphuric ether . — The method of preparing this fub- 
ftance is firft mentioned in the DifpeiUatory of Valerius 
Cordus, published about the year 1540 ; it was alfo known 
to Bafil Valentine, Paracelfus, and Boyle t it had, however, 
attrafted tl^e notice of chemitts only in a very imperfc& de- 
gree) before it was described by Froben, a German, in the 
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Philofophical Tranfaftions for 1730* Since that period the 
preparation and properties of fulphuric ether have been 
carefully invcftigated by many able chemifts, efpecially 
Scheele, Dollfufs, Macquer, Pelletier, Vauquelin and Four- 
croy. 

The mode of obtaining ether in the imall way is as fol- 
lows. Take a tubulated glafs retort, of the capacity of 
about fix quarts, lengthen its beak by an adopter, and pafs 
the other end of the adopter into a two-neck quilled balloon 
receiver ; fix another adopter into the oppofite neck of the 
balloon, and join to this a common quilled balloon receiver, 
placed in fuch a pofition that the quill, inftead of pointing 
direftly downwards, as in the firfl receiver, fhall flant gently 
upwards ; then lute all the junctures with linfeed meal or 
common pafte, except that of the retort to the firft adopter ; 
fix alfo a 24 ounce vial to the quill of the firlt receiver, and 
loofely clofe the quill of the fecond with a cork or plug of 
moift paper. The lute being moderately dry and hard, with- 
draw the retort, and pour in through the tuoulure 40 ounces 
by weight of rectified alcohol, and 32 ounces of the ftrongeft 
fulphuric acid. Replace the retort with its contents, being 
careful to (hake it as little as poflible, and let it remain for 
1 2 hours or more, during which the acid and alcohol will 
gradually aft on each other, producing a confiderable degree 
of heat. Afterwards withdraw the retort, and mix together 
its contents aa accurately as poflible, by communicating to 
them a gentle circular motion ; this being finifhed, replace 
the retort, and carefully clofe by lute its junftion witn the 
adopter, aud leave the whole in this Hate till the contents 
of the retort have acquired a reddilh-brown colour, which 
will take place in a day or two. Now proceed to diftillation, 
by placing a pot of lighted charcoal beneath the retort, ob- 
ferving to heat it very gradually. The firfl: impreffion of 
the fire drives off a little highly dephlegmated alcohol, but 
as foon as the mixture begins to boil, the ether itfelf pafTes 
over and condenfes on the fides of the receiver in large 
itieaks. It ia now eilentially requifite to keep the receiver 
as cool as poflible, by the application of ice or of wet cloths 
wrung out in cold water and frequently renewed 5 and if this 
k properly attended to, by far the greater part of the ether 
will be condenfed in the firfl: receiver, whence it will flow 
into the vial beneath ; a little, however, will pafs through 
the fecond adopter into the fecond receiver, where it mu ft 
be condenfed by the fame means as have already been re- 
commended. The contents of the retort are to be kept 
moderately boiling, till fulphurous acid gas begins to pafs 
through the quill of the fecond receiver, which may be 
known at once by its ftrong fuffocating odour. As foon as 
this is perceived, the fire is to be withdrawn, and the vial 
is to be detached from the receiver, and its contents poured 
into a ground-ftoppered bottle ; being then replaced as be- 
fore, the procefs of diftillation is to be re-commenced till 
about fix or feven ounces of a coloured liquid are produced, 
after which the operation is to be flopped. The original mix- 
ture of fulphuric acid and alcohol is thus divided into three 
feparate produfts ; namely, the refidue in the retort, and the 
produfts of the fecond and firft diftillations. In the retort 
is a black thickifh matter, fmelling ftrongly of fulphurous 
and acetous acids, and intenfely four to the tafte. If diluted 
with an equal bulk of warm water and filtered through 
pounded glafs or clean white fand, it will be feparated from 
the carbonaceous matter with which it was loaded, and by 
fubfequent boiling the fulphurous and acetouf acids will 
be driven off, leaving behind fulphuric acid in a confiderable 
degree of concentration, and applicable to a variety of ufe- 
ful purpofes. The produft of the fecond diftillation confiftt 
of two diftinft liquids, the heavieft of which is acidulous 
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water, and the lighter an impure ether, called oil of win?, 
which may be feparated from the water by inverting the 
vial that contains them in warm water 5 a little of the ether 
is in confcquence converted into elaftic vapour, which forces 
out of the vial the lower and heavier fluid. The produft 
of the firft diftillation is impure ether, in quantity about 1 7 £ 
ounces. Thus from 32 ounces of fulphuric acid and 40 
ounces of alcohol there are procured about 17^ ounces of 
impure ether, and three ounces of oil of wine ; and the ful- 
phuric acid tliat may be recovered, taking into confidera- 
tion its quantity and denfity, amounts to about 46 per cent, 
of that originally employed. 

Ether, when frefh diftilled, is contaminated by fulphurous 
and acetous acids and a little coloured oil, in confequence of 
which it is neceflary to purify it by reftification. This is 
generally done by adding to the ether fucceflive portions of 
cauftic potafti or foda diilblved in water, and fhaking toge- 
ther the two fluids in a well elofed bottle, after each addition 
of alkali, till the fulphurous odour is totally deftroyed ; the 
contents of the bottle are then to be poured into a retort, 
and by the application of a gentle heat, never amounting to 
ebullition, the ether will pals into the receiver in a ftate of 
great purity, leaving behind a watery faline liquor covered 
by a thin film of brownifh-yellow oil. Scheele recommends 
that the alkali employed in reftification fhould be difloived 
in alcohol iuitcad of water ; the advantage of which is that 
no fpontaneous feparation of the liquors takes place, aud 
therefore the fulphurous and acetous acids are neutralized 
and feparated with greater certainty. Diftillation at a gentle 
heat will readily feparate the ether from the other ingre- 
dients. A ftill cheaper and very effeftual method of refti- 
fying ether is the following, firft employed by Mr. Woulfe. 
M Fill three-fourths of a bottle with the impure ether, add 
a little water and a portion of flacked lime ; agitate the 
bottle with violence, and keep it for fome time in cold 
water, before taking out the cork ; if the fmell of the ful- 
phurous acid be not removed, add a little more lime and agi- 
tate a fecond time. Decant off the ether into a receiver, 
and diftil it off.” Another very cheap and ingenious pro- 
cefs was invented by Pelletier. It confifts in adding to the 
impure ether a little finely pulverized black oxyd of manga- 
nele. The mixture being corked up in a bottle, is to be 
well fhaken four or five times a day for the fpace of a week, 
at the end of which time the fulphurous acid will have been 
converted into fulphuric, and will have combined with the 
tnanganefe, from which the ether may be poured off with- 
out the necefiity of diftillation. 

By any of the above methods ether is reftified fufficiently 
for any purpofes to which it is ufually applied $ but if the 
greateft poflible degree of purity is required, there fhould 
be added to the reftified ether fucceuive portions of dry 
pulverized muriat of lime, till it ceafes to be diffolved ; from 
this mixture, by diftillation with a very gentle heat, and 
keeping at the fame time the receiver quite cold by the ap- 
plication of ice, an ether may be procured, probably entirely 
free from alcohol and water, and of the fpecific gravity of 
0.65. 

Reftified ether exhibits the following properties. It is a 
tranfparent colourlefs liquor, of a peculiar and to moft per- 
fons an agreeably fragrant odour, and a hot penetrating, and 
fomewhat fuffocating tafte. Its ufual fpecific gravity, ac- 
cording toLavoifier, it =0.758. It is volatilizable at a lower 
temperature, and more rapidly than any other liquid, a con- 
fiderable proportion being loft, efpeciaOy in hot weather, by 
merely pouring it from one vial into another ; hence the 
veflels in which it is kept ought to be very exaftly elofed, 
and for further fecurity are often kept inverted in cold 
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water* It bolls at j>8 # Fahr. under the ufual atmofpherical 
preffure, and at 20° in vacuo. 

Owing to the extraordinary rapidity with which ether 
evaporates, it poffeffes a very great power pf refrigeration. 
Thu is made obvious to the feeling by pouring a little into 
the palm of the hand ; it is almoft inftantly volatilized, and 
the hand becomes painfully cold. So alfo if fome fine tow 
is wrapped about the bulb of a fmall thermometer, and the 
blaft from a pair of double bellows is let upon it, after it has 
been well foaked in ether, the mercury in the thermometer 
will, in the fpace of a minute or lefs, be lowered to o° Fahr. 
Ether, notwithftanding its ready volatility, is capable of be- 
ing congealed at a low temperature. If a fmall matrafs 
filled with this fluid is cooled (down to — 25 0 Fahr. by a 
mixture of fnow and muriat of lime, the liquor becomes gra- 
dually filled with brilliant tranfparent cryftalline laminae, 
refembling benzoic acid or oxymuriat of potato ; and pre- 
fently, efpecialiy at a fomewhat lower temperature, the whole 
is congealed into a white almoft inodorous mats. Ether is 
remarkably inflammable, taking fire inftantly on the near 
approach of an ignited body ; it burns with a large white 
flame and a little imoke, and is refolved into water, carbonic 
acid, and a minute quantity of charcoal. When paffed 
through a red-hot earthenware tube, it is entirely decom- 
pofed, and a large produ&ionof carburettod hydrogen takes 
place* Ether remarkably increafes the bulk of any of the 
permanent gaffes to which it was added, as was firft ob- 
ferved by Dr. Prieftley. A fmall quantity of this fluid be- 
ing mixed with oxygen confined over mercury, exa&ly 
doubled its bulk, nor could any additional quantity occafion 
ft further dilatation. Nearly the fame effed took plkce with 
atmofpheric air, azot, hydrogen, nitrous gas, and carbonic 
acid ; but by a flight agitation in water the ether was ab- 
forbed, and the gas refumed its former dimenfions without 
any alteration of its original properties. If oxygen m thus 
diluted by ether is fet fire to, it burns rapidly, but does not 
explode ; but if one part of this mixture is added to three 
parts of oxygen, the application of an ignited body, or of 
the eleftric (park, caules a violent explofion, the prodtf&s 
of which are water and 2 } parts of carbonic acid. Hctice 
it appears that one part of ether requires 6.8 of oxygen 
for its fat u ration, and that the proportion of carbon to hy- 
drogen in fulphuric ether is nearly as j to 1. 

Water and ether appear to combine with each other in 
two different proportions. If equal parts of thefe fluids 
are toaken together in a graduated tube, the ether will be^ 
found to have dimini toed in bulk about T \, and the Vvater 
to have enlarged In nearly the fame proportion ; the lower 
fluid confifh of water faturated with ether, and the upper 
fluid is ether combined with a little water. The ether in 
this date is faid to be wq/hed, and acquires in conference 
fome properties which pure ether does not poflefs ; in par- 
ticular, it is now capable of diffolving caoutchouc with 
great eafe, whereas this fubftance is a£ed on by pure ether 
only in a very impcrfc& manner. Phoiphorus is foluble in 
ether, but the iolution is not luminous. When ether is 
boiled with phofphorus, it often depofits cryftals by cool- 
ing ; agitation with water produces no change in this liquid, 
but the addition of a little alcohol caufes an immediate tur- 
bidnefs, whence the fophiftication of ether by alcohol may 
be detided by the addition of a few drops of phoipborized 
ether. The fixed alkalies feem incapable of uniting with 
ether, but ammoniacal gas is abforbed by it very copioufly. 
The fame may be obferved of nitrous gas 5 but neither of 
thefe combinations has hitherto been fubmitted to an accurate 
examination* Sulphuric acid a&s on ether with confidemble 
energy, efpecialiy if affifted by a gentle heat ; it ii converted 
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into a brownito oily fluid, much heavier than ether, called 
oil of wine, and at a higher temperature is changed into 
olefiant gas. With regard to the aftion of oxymuriatic 
acid on ether, a curious experiment is related by Mr. Cruick- 
fhank, “ If we fill a bottle of the capacity of three or four 
pints with the pure oxymuriatic acid gas, taking care to expel 
the water as completely as pofiible, and then throw into it 
about a drachm or half a drachm of good ether, covering its 
mouth immediately with a piece of light wood or paper, in 
a few feconds white vapour will be perceived, moving circu- 
larly in the bottle 5 this will foon be followed by an explo- 
fion, accompanied by flame, at the fame time a very con- 
fiderable quantity of carbon will be depofited, and the bottle 
will be found to contain carbonic acid gas.” Nitric acid 
excites a confiderable effervefcence in ether, and ieems to 
convert it into oil of wine. The effential oils are foluble in 
ether, and it combines with alcohol in almoft all propor- 
tions. 

Concerning the theory of etherification, much has been 
written, and many experiments have been iftade by able 
chemifts, without, however, obtaining the fatisfa&ion that 
could be witoed. According to Macquer, ether is a fob- 
ftance intermediate between alcohol and oil, and alcohol 
approaches to the ftate of oil precifely in proportion as it 
parts with its water of composition. But though it is true 
that the produftion of water accompanies the convcrfion of 
alchohol into ether, and of ether into oil of wine, yet this is 
by no means the only phenomenon, fo that the theory of 
Macquer is, at beft, imperfe&, fince the depofition of char- 
coal, and the generation of acetous acid, are not at all ac- 
counted for. According to Pelletier, Chaptal, and others, 
the whole procefs of etherification confifts in a transfer of 
oxygen from the fulphuric acid to the alcohol : the disen- 
gagement erf fulphurous 'acid accompanies the production of 
ether, and therefore toews that the fulphuric acid is deoxy- 
genated : the oxygen, thus feparated, does not come over 
in the ftate of gas, and therefore mull be combined with the 
alcohol forming ether. But in reply, it may be obferved, 
that this mode of explanation accounts for only a few of 
the phenomena, and that the preparation of ether, if care- 
fully managed, may be earned on without the difengage- 
ment of any fulphurous acid. The mod elaborate enquiry 
into this intricate fubjeft was undertaken by Vauquelin and 
Fourcroy, which we (hall now proceed to detail, though it 
is by no means fo complete and fatisfa&ory as to preclude 
the neceflity of further refearches. The fa&s and obfer- 
vations by which this theory is fupported are the following. 

If one part of alcohol and two of fulphuric acid are 
mixed together, the temperature rifesto about 200 r Fahr. ; 
the mafs immediately acquires a deep brownifh-red colour, 
which deepens into black in a few days after, and at the 
fame time exhales a vapour manifeftly ethereous. 

Equal parts of concentrated fulphuric acid and re£tified 
alcohol acquire on mixture a temperature of 190° Fahr. ; 
bubbles of gas are extricated, tne liquor becomes turbid 
and opalefcent, and at the end of a few days acquires a deep 
red colour. The whole being then transferred to a diftilla- 
tory pneumatic apparatus, and bring heated to 107° Fahr., 
ebullition takes place, and ether paffes over into the reci- 

S ient ; if the operation is carefully conduced no elaftic 
uid is difengaged, and the vapour, when condcnled, is found 
to be only water and ether. When the liauor thus obtaiued 
amounts to about half of the alcohol employed, fulphurous 
acid begins to be manifeft, and, in a toon time, the produc- 
tion of ether ceafes, and is fucceeded by oil of wine, accom- 
panied by acetous acid* The contents of the retort being 
iept boiling) and becoming more and more concentrated as 



the diftillation proceed#, are conftantly acquiring a higher 
temperature; when this amounts to about 234 0 rahr., olev 
fiant gas begins to come over, and continue# till the oil of 
wine ceafes to flow. At this period carbonic acid gas firft 
makes its appearance, and water and fulphurous acid ftili 
continue to be produced, the refidue in the retort being in 
the mean time reduced to little clfe than fulphuric acid 
thickened by charcoal. 

From tliefc fa6ts the able chemifts who obferved them 
have concluded, 

1. That the fpontancous a&ion of alcohol and fulphuric 
acid, when this latter is confidcrably in excefs, is fumcient 
for the fonnation of ether without the affiftance of any ex- 
traneous heat, and that by duly proportioning the two fub- 
ftances, the alcohol might be wholly decompofed and made 
to yield all the ether ot which it is capable when treated in 
the ufual manner. 

2. That the formation of ether is not owing to the affi- 
nity of the oxygen of the fulphuric acid, for the hydrogen 
ana carbon of the alcohol, becaufe in the preparation of 
ether no fulphurous acid gas is evolved till the produ&ion of 
ether has almoft ceafed. It muft therefore be the entire at- 
traction of the acid for one or more of the elements of the 
alcohol that determines its decompofition : now fmee water 
is formed during the whole procefs, and, fince the attraction 
of fulphuric acid for this fubitance is very powerful, it ap- 
pears likely that this is the caufc that deftroys the equili- 
brium of the affinities by which the elementary particles of 
alcohol are retained in combination, and induces the oxygen 
and hydrogen to unite and form water. Henc£ it might at 
firft fight be fuppofed that ether differs from alcohol in con- 
taining a fmaller proportion of oxygen and hydrogen. This 
however will not be found to be the cafe, when we advert 
to the depofition of charcoal, which, equally with the pro- 
duction of water, accompanies the formation of ether: 
now the amount of charcoal depofited is greater in propor- 
tion to that which is left, than the hydrogen of the water 
compared to what remains in the ether 5 therefore this latter 
fluid, though compofed of the fame elements as alcohol, 
differs from it in containing a fmaller proportion of carbon 
compared with the hydrogen. During the progrefs of dif- 
tillation the heat to which the materials in the retort are ex- 
pofed is conftantly increafing, and (the affinity of the acid 
and alcohol alfo augmenting) the acid itfelf is at length 
decompofed, fulphurous acid is generated, and "the excels 
of oxygen deprives the alcohol of part of its hydrogen 
whence refults the oil of wine, differing from ether in con- 
taining a larger proportion of carbon ; and in confirmation 
of this, it may oe obferved, that the charcoal depofited 
during the production of oil of wine is not fo abundant 
as during the generation of ether. 

Henfce as (according to the authors of the above hypo 
thefis) no decompofition of the fulphuric acid takes place 
during the formation of ether, the agency of the acid is 
partly that of detaining the alcohol in a temperature more 
than fuflicient for the volatilization of this fluid when uncom- 
bined, and partly that of aflifting the caloric to decompofe 
the alcohol tn confequence of its own powerful affinity for 
water. 

A circumftance, however, fir ft remarked by Scheele, but 
which has hitherto failed to obtain the notice to which it is 
fo well entitled, fufficiently proves that in the formation of 
ether the acid employed acts a much more important part 
than is afligned to it in the theory of Vauquelin and Four- 
crov. The admirable chemtft above-mentioned ftates that 
if fulphuric ether he duly rectified by agitation With cauftic 
alkali and fubfequent diftillation, it occasions no precipitate 
with barytic falts ; but if to the ether thus purified there be 
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added nitric acid, a copious precipitate is then produced by 
any of the foluble falts of barytes, indicating the prefence 
of fulphuric acid. This faCt ftrikingly points out that a 
portion of the bafe of theacid in a more or lefs deoxygenated 
llate actually combines with the alcohol to compote ether. 
A like faCt refpeCting muriatic ether is alfo mentioned by 
Scheele, namely, that though this ether, when rectified, oc- 
casions no decompofirion of nitrated filver, yet the watery 
refidue, after combtiftion of the ether, occafions a copious pre- 
cipitate of muriated filver when mixed with the nitrat of 
this metal. 

§ 2 . Nitrous ether *— Although nitrous ether appears to 
have been known to Bafil Valentine and Kuukel, yet the 
mode of its preparation being kept a fecret, it foon ceafed 
to be attended to by chemifts, till in the year 1740 it wae 
rc-difcovcred by Dunamel, and afterwards was more parti- 
cularly deferibed by Navier, Sebaftiani and others. It 
was prepared bv Navier iu the following manner. Put 
1 1 ounces of rectified alcohol into a ftrong bottle, and add 
to it gradually and at intervals 8 ounces of ltrong nitric acid ; 
after each portion of acid the liquors arc to be well mixed 
by agitation, and the bottle is to be kept clofe corked and 
immerfed up to its neck in ice and water ; when the whole 
of the acid has been added, the bottle is to be well corked 
and further fecured by a leathern cap. A ftratum of ether 
rifes by degrees to the furface of the liquor, and after five 
or fix days the cork is to be pierced by a needle in order to 
let out the nitrous gas formed during the procefs ; this gas 
having efcapcd, the cork is to be drawn, and the whole 
contents of the bottle being poured into a feparatory funnel, 
the ether is thus procured unmixed with the heavier fluid on 
which it floats. This is, however, a very rude way of pro- 
ceeding, and is attended with the utmoft rifk to the appa- 
ratus, the ether obtained alfo is in fmall quantity, and very* 
impure. In order to prevent the violent and rapid a&ion of 
the concentrated acid on the alcohol, which is the chief 
difficulty in the preparation of nitrous ether, Dr. Black 
propofed to interpofe a thin ftratum of pure water, and 
Fifcher on the fame principle made ufe of a little weak 
fpirit of nitre* for the fame purpofe. M. Dolfufs, from a 
careful repetition of the latter procefs, obtained the following 
reiult. Upon two ounces of very ftrong nitric acid he 
poured gently fix drachms of the fame very much diluted, 
and upon this three ounces of rectified alcohol. The bottle 
was loofely corked and fuffered to ftand undifturbed for 
three days ; at this time the lower liquor appeared perfe&ly 
homogeneous with a ftratum of ether floating above it. The 
whole being put into a retort and fubjefted to a gentle heat, 
there were obtained two ounces and a drachm of very pure 
ether unmixed with any acid, and the refidue in the retort 
confifted of weak acetous acid mixed with oxalic acid, 
nearly the whole of the nitrous acid having been decom- 
pofed. 

The laft mode by which nitrous ether may be prepared, 
that we {hall mention, and which on the whole appears to be 
the beft, confifts in mixing together alcohol ana fulphuric 
acid, and pouring the liquor upon pulverized nitre 5 tne ful- 
phuric acid difengages the nitre, which immediately re-a&s 
on the alcohol, and ether is the refult. The able chemift 
whom we have already mentioned has (hewn the excellence 
of this method by the following experiment. Having put 
into a retort four ounces of perfe&ly dry and pulverized 
nitre, be added to it a mixture confiiting of two ounces of 
concentrated ftdphuric acid, and four ounces of alcohol. 
The whole being fubmitted to diftillation, there came over 
firft fix drachms of dulcified fpirit of nitre, and then three 
ounces of a liquor from which by fubfequent rectification 
were procured two ounces of pure ether* 
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Nitrous ether, when recently made, contains in loofe com- 
bination a confiderable quantity of nitrous gas, which in 
fome degree modifies its properties, and renders it peculiarly 
liable to burft the bottles in which it is kept, efpecially in 
warm weather. This lofs and trouble, however, may be avoid- 
ed by re£tifying the ether, which is bell done inr the following 
way. Pour into a ftrong vial fo as to fill it two thirds, one 
part of ether and four parts of pump- water, and agitate it 
cautioufly at firll, frequently removing the thumb from the 
mouth of the vial in order to afford a free pafiage to the 
difengaged nitrous gas : when no more of this gas is given 
out add a quantity oFdry nearlafh equal in weight to the ether, 
and lhake the whole well together; then put the mixture 
into a tubulated retort and proceed to diftiilation, taking 
care that the temperature does not exceed i2o J Fahr. ; the 
ether willpafs into the receiver quite pure, and may be kept 
for any length of time in ftrong well clofed bottles, with no 
more rilk of accidents than fulphuric ether is fubje£t to. 

Nitrous ether refembles fulphuric ether in molt of its 
properties ; it has, however, a dilute yellow colour, and a 
fomewhat different odour and flavour ; this appears to be 
owing to the prefence of a little refinous matter, from which 
it can never be entirely freed ; by repeated diftillations from 
frefh parcels of dry white fugar, as Deyeux has obferved, 
this impurity may, in great part, be feparated, and in pro- 
portion as this takes place the ether becomes more and more 
analogous to that prepared by fulphuric acid. 

Nitrous ether appears capable of uniting with nitrous gas 
in two proportions ; when the ether is in excefs it forms ni- 
trous ether in the Hate in which it appears previous to rec- 
tification ; when the nitrous gas exceeds the ether it forms 
a permanently elaftic fluid that has obtained the name of 
et^eri%ed nitrous gas. The preparation of this differs only in 
the rapidity with which the nitrous acid and alcohol are made 
to a& on each other : when the combination takes place 
very flowly much ether and little etherized gas are the refult, 
but when the contrary is the cafe, thefe two produfta are 
formed in an inverfe proportion. If equal parts of alcohol 
and ftrong nitrous acid are mixed together at the common 
atmofpheric temperature, or at a higher heat in proportion 
as the acid is diluted, a very rapid and copious efFcrvefceitce 
takes place, a little ether is condenfed in the receiver, and a 
large quantity of gas pafTes through the conducting tube, 
the firft portions of which are etherized nitrous gas, and the 
latter common nitrous gas. What remains in the retort is 
acetic acid with a little oxalic acid. The properties of 
etherized nitrous gas (according to Van Diemen and his af- 
fociates, to whom we are inbebted for its difeovery) are the 
following. It has a difagreeable ethereal odour, exa&ly re- 
fembling that of olefiant gas when treated with oxymu- 
riatic acid. By the application of flame it takes fire and 
bums with a ycllowim lambent flame like alcohol ; after 
the combuftion has ceafed, the vcfTel in which it was carried 
on contains a vapour of Angular pungency. Water abforbs 
this gas, but requires a confiderable time to effeft this, ex- 
cept agitation is had recourfe to, refembling, in this refpe6t, 
carbonic acid. Alcohol produces the fame effeft as water, 
and takes up the gas not only more rapidly, but alfo in 
larger proportion. A folution of cauftic potafh alfo dif- 
folves it, but with confiderable difficulty, and on the addi- 
tion of fulphuric or muriatic acids the etherized gas is again 
fet at liberty unaltered in any of its properties. Ammonia, 
whether liquid or in the gafeous ftate, is incapable of con- 
trafling any union with it ; the lame is the cafe with oxygen 
gas at the common temperature, but a mixture of the two airy, 
when inflamed, produces a moft violent explofion ; fulphuric 
acid immediately decompofes this gas, by abforbing the 
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ether, the nitrous gas retaining its elaftic ftate. Sulphurous 
acid produces the Tame effeft, only it requires fome days for 
thwpurpofe. If fulphuric acid, previoufly diluted with an 
equal weight of water, is placed in contaft with this gas 
over mercury, its aftion is greatly retarded, the diminution 
of volume in the inclofed air takes place much more flowly, 
and even after fome days a portion of ether is retained by 
the nitrous gas, which in confequence acquires the property 
of enlarging the flame of a taper that is nnmerfed in it, in 
the fame maimer as nitrous oxyd does. Nitrous acid, ac- 
cording to the degree of its concentration, abforbs either 
wholly or iu part, the ethercoua portions of the gas, and the 
fame may be obferved of muriatic acid. 

Etherized nitrous gas, when paffed through a red-hot 
tube, depolits a little oil, and by fubfequent warning in lime- 
water is freed from fome carbonic acia ; the relidue is ni- 
trous gas, mixed or combined with common carburetted 
hydrogen, and is not afted on by the fulphuric, nitric, or 
muriatic acids, by cauftic potafh or alcohol. The addition 
of oxygen gas produces red vapours, the nitrous gas is con- 
verted into acid, and the gafeous refidue is caVburetted 
hydrogen. 

§ 3 Muriatic ether .*— After chcmifts had (hewn the 
produftion of ether by means of the fulphuric and nitric 
acids, it was natural to attempt its preparation by the mu- 
riatic acid. But this latter, in its ulual ftate of dilution with 
water, has no aftion on alcohol, and therefore the various 
modes that were lirft praftifed to obtain muriatic ether en- 
tirely failed, A few chemifts were faid to have fueceeded 
by employing Ample muriatic acid, but in a more concen- 
trated and dry ftate than the common liquid acid ; the 
procefs, however, was both difficult and doubtful, and mu- 
riatic ether can hardly be faid to have been known till Rou- 
clle difeovered that it might be prepared by diftilling toge- 
ther alcohol and the fmoking liquor of Libavius, which 
is a concentrated muriat of tin in its higheft ftate of 
oxydation. The marquis de Courtanvaux, having re- 
peated the procefs of Rouelle with great care, propofes the 
following as the beft method of making the fubftance in 
queftion. Mix together in a retort three parts of the fuming 
muriat of tin and one of alcohol ; a confiderable degree of 
heat is immediately excited, and a white fuffocating va- 
pour arifes, which, however, fnon disappears on agitating 
the mixture. As foon as a u etucicous odour is perceived, let 
two balloon receivers be‘l uted on, and kept as cool as poflible; 
then by the application of a gentle heat to the retort there 
comes over firft a little dephlegmatcd alcohol, which is fuc- 
ccedcd by the ether : by an increafe of temperature a few- 
drops of coloured oil arc produced, and there arifes, partly 
in the form of a foft butter and partly in that of a denfe 
brown liquid, a quantity of fmoking muriat of tin, part of 
the metallic oxyd remaining in the retort as a grey powder. 
When the ether thus procured is mixed with pearlafli, a 
copious cffervefcence and precipitation take place, owing to 
the decompofition of fome muriat of tin contained in the 
ether; after which, by diftiilation at a gentle heat, the ether 
arifes in a ftate of great purity, amounting to half the impure 
produft of the firft diftiilation. 

Several other of the metallic muriats have been found to 
be equally efficacious with the liquor of Libavius ; the cor- 
rofive muriats of antimony and of arfenic, the muriats of 
bifmuth and zinc, and the red muriat of iron, have in par- 
ticular been ufed with fuccefs in the preparation of muria- 
tic ether. Scheele. 

Scheele, tjie difeoverer of oxymuriatic acid, was induced 
to try the effi eft of this in the preparation of muriatic ether. 
For this purpofe he put three ounces of alcohol into a 
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receiver, with which was connected a retort holding two 
ounces of common fait, upon which was poured an equal 
weight of fulphuric acid ; the muriatic acid thus difengaged 
pafled into'the receiver, where it combined with the alcohol $ 
and this, when faturated with acid, was transferred to another 
retort, containing three ounces of black oxyd of manganefe 
in fine powder; the mixture inftantly affumed a green 
colour, and prefentiy after became fo hot as to boil. 
When the ebullition had ceafcd, there was found in the 
receiver a liquor, from which, on mixture with water, a quan- 
tity of ether immediately feparated. The fame method is 
recommended by Van Mona, except that he employs only 
one foqrth of the manganefe ufed by Schecic, and performs 
the fecond diftillation in a WouUe’8 apparatus, the bottles 
of which contain a folution of cauilic potafh, by which the 
acid is prevented from re-afting on the ether. 

Another mode of applying oxymuriatic acid to the pre- 
aration of ether, firft pra&ifed by Scheele, is mentioned 
y Pelletier, and deferves to be repeated, as- being perhaps 
the moft expeditious and economical of any. He intio- 
duced into a large tubulated retort a mixture of eight 
ounces of manganefe, and 1 6 ounces of decrepitated com- 
mon (idt, upon which lie poured a mixture of 12 ounces of 
fulphuric acid, and eight ounces of alcohol. From this 
mafs ten ounces were drawn off by diftillation at a gentle 
heat, which, by fubfequent re&ification, yielded four ounces 
of ether. 

It deferves to be remarked that the ether prepared by 
oxymuriatic acid generally depolits, during its rectification 
with potafh, a confiderable quantity of a clear aromatic and 
bitter oil, which finks in drops to the bottom of the veil'd ; 
the ether alfo, according to Dollfufs, at leaft before rectifi- 
cation, is compleatly mifcible with water when fhaken with 
it for fome time. The preparation of ether, by means of 
Ample muriatic acid, is not eafy, and was readily fuppofed 
to be impofiible by fome of the leaders of the modern fchool 
of French chemifts, becaufe it contradicted one of their 
early theories on the proccfs of etherification ; yet BeaumC, 
a chemift of great experience and unqueftioned veracity, had 
affirmed, that he had obtained a fmall quantity of ether, by 
mixing together alcohol and muriatic acid, both of them in 
the flate of vapour. The practicability of this method 
appears alfo to be eftablifhed beyond doubt by the following 
formula of M. Baffe, Keep a quantity of common fait in 
fufion for about an hour, in order to drive off all the water 
of cryftallization, then pulverize it, and put 40 parts into a 
tubulated retort, connected with a Woulfe’s apparatus, in 
the firft bottle of which are to be poured 20 parts of moft 
highly rectified alcohol ; then add to the fait in the retort 
20 parts of the ftrongeft fulphuric acid, and proceed to 
diftillation by a gentle neat, keeping the bottle holding the 
alcohol as cool as poifible. When the alcohol is faturated 
with acid, transfer it to a retort, and diftil over about one 
half of it ; agitate this portion with an alkaline ley, and the 
ether will prefentiy feparatc and float on the furfacc, whence 
it may be obtained by decantation or diftillation. The 
quantity of ether from the above materials amounts to about 
five parts. 

Muriatic ether has a ftriking refemblance to that prepared 
by fulphuric acid ; its fpecific gravity, however, is greater, 
amounting, according to Hcrmbfiadt, to c.84 $ its taftealfo 
has a peculiar aftringency like alum, and when burning it 
exhales a ftrong acrid odour, fomewhat refembling that of 
fulphurous acid. 

$ 4. Fluoric eth&.— All that we know of this fubftance 
is derived from the difeoveries of Scheele. He firft impreg- 
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sated rectified alcohol with fluoric acid gas, by diftilling 
pulverized fluor fpar with fulphuric add, and placing a!co» 
hoi in the receiver ; the fm king fpirit thus obtained was 
diftilled with a gentle heat, but no fign of ether made its 
appearance. Another portion of the acidulated fpirit was 
then mixed with black oxyd of manganefe, and by fubfe- 
quent diftillation an ethereous fluid came over, from which, 
by fubfequent re&ification, a little ether was obtained of a 
very agreeable odour, refembling nitrous ether. 

J 5. Acetic ether . — Acetic ether was firft difeovered by 
the Count de Lauraguais 5 the method of its preparation 
was by diftilling together equal parts of alcohol and acetic 
acid. Scheele, Porner, Bergman, and other chemifts, re- 
peated this procefs ineffcfltially, and hence were induced to 
l’ufpedl fome error. I11 confequencc of thefe doubts, Pelle- 
tier entered into a careful examination of the fubjeft, and 
has both fhewn the reafon of the failure of Scheele, and 
has given the proper method by which to fucceed. He 
diftilled together equal parts of alcohol and acetic acid, and 
drew off a little more than half; this liquor was acidulous, 
and had an ethereal odour, but no true ether could be made 
to feparnte. He then mixed together 12 ounces of ftrong 
radical vinegar, and the fame quantity of alcohol, and dii- 
tillcd over one half of it at a boiling temperature ; this pro- 
duft he poured back into the retort and recommenced the 
diftillation ; the produce of this and of a third diftillation 
were in like manner recohobntcd, and having diftilled the 
whole again for the fourth time, he finally obtained 12 
ounces of an ethereous fluid ; with this he mixed a quantity 
of carbonated potafh, fufficient to faturate the acid whicn 
it contained, and then fubmitted it to gentle diftillation. 
The firft fix ounces that came over were pure acetous ether, 
the next four ounces alfo contained ether, but not fo pure 
as the former. It is remarkable that during the cohobations 
a confiderable abforption of air took place. 

Scheele obtained acetous ether in a much more compen- 
dious manner, by mixing together acetat of potafh, or of 
lead, or of copper, with alcohol, and then adding as much 
fulphuric acid as was requifitc to decompofe the acetous 
fait, and diftilling the mixture at a low heat. The produce 
being fhaken with water, the ether rifes to the furface and 
may be poured off. From 16 parts acetat of lead, fix parts 
ftrong fulphuric acid, and nine parts of water, Bucholz 
obtained fix parts reftified ether. 

Acetic ether always retains the odour of the acid by 
which it is formed ; it is not fo volatile as the ethers pro- 
cured by the mineral acids ; it bums with a lambent blue 
flame, like alcohol ; it is foluble in a little more than twice 
its bulk of water, and is decompofable into acetous acid by 
repeated diftillations at a very gentle heat. 

Various other acids have been diftilled with alcohol for 
the purpofe of procuring ether, but with little or no fuccefs. 
Oxalic acid, with an equal weight of alcohol, yielded Berg- 
man a watery fomewhat etherized alcohol. Benzoic acid 
and alcohol, according to Scheele, afford no ether, but when 
a little common muriatic acid is added to the mixture, an 
ethereous liquor comes over, of which part floats on water 
and part finks in the fame fluid. The ether, or the lighter 
portion, has the odour of benzoic acid, burns with a clear 
flame and fmoke, and is about equal in volatility to acetic 
ether. The phofphoric, boracic, tartarous, citric and 
fuccinic acids, were found by the fame able chemift to be 
incapable of producing ether, either by their own a&ion on 
alcohol, or when mixed with oxyd of manganefe or muriatic 
acid. 
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EXPANDING RiCOTK. or Drum , in Mechanics, is a 
wheel, or rigger, to receive an endlcfs rope; which can be 
enlarged or diminifhed in it* diameter, to give a greater or 
lef* velocity to the rope. 

The common expanding rigger it a call-iron wheel with 
twelve arms, in each of which a groove is formed, extending 
nearly from the centre to the circumference, as A A, fig. 5. 
Plate XXVI. Mechanics. Againft each arm a piece of wood 
is placed, which has a rebate fitting into the groove, and a 
(crew-bolt paffing through both wood and the arm of the 
wheel ; a nut ferewed upon the bolt (aliens the bolt and 
wood at any place in the groove : each piece of wood hat 
a groove in it to receive the rope which paffe* round the 
wheel. The diameter of this rigger can be altered by loofen- 
ing the nuts, then placing the pieces of wood all in one circle 
of the propofed diameter, and fattening them there by the 
nuts. To facilitate the placing of the pieces of wood in one 
circle, each arm is divided into inches, and numbered from 
the centre. 

Mr. Andrew Flint, of London, lately received a premium 
of fifty guineas from the Society of Ats, for two expand- 
ing band wheels, or riggers. Pigs. 5, 6, and 7, are different 
views of the firft of lliefe ; A A is a cad metal wheel with 
twelve arms, each divided by a groove from near the centre 
to the circumference : tliefe grooves receive rebates on the 
backs of twelve racks a n, fivs. 6 and 7, which have projeft- 
ing pieces b, l, with grooves to contain the ciidlefs rope dd. 
In fa. 5. which is a back view of the wheel ee, are ruts, 
which draw up the racks to Hide in the grooves without 
(hake, yet freely to and from the centre: the racks are moved 
all together by means of a circular plate d d, which has a 
fpiral rib upon it entering between the teeth of each rack, 
(o that when the plate is turned round, all the racks move 
to or from the centre at once: the fpiral plate d d is ferewed 
to an iron crofs, which fits upon the axis ff, and is turned 
round by a pinion g of fix teeth, working into a ring of 
teeth made in the infide of the fpiral plate d. ... 

Another method of accomplilhing the fame objeft is by 
means of twelve ferews h {figs* 8. and 9) pointing to the 
centre of the wheel; they are are all moved together by 
means of equal bevelled wheels fixed on them ; by this means 
the ferews are turned about contrary ways alternately : 


they mull, therefore, be alternately cut right handed and left 
handed, that they may produce the fame effeft, The ferews 
are turned, when the diameter of the rigger is to be altered, 
by a winch put upon any of the three fquares h, h , h, on 
the ends of the (crews. In this machine the number of 
ferews mutt be even. 

Figs. 10, 1 1, and 1 2, are drawings of an expanding rigger 
contrived by the writer of this article : it confilh of two 
wheels of call -iron A, A, [figs, to, n, and 1 2.) which have 
fixteen feftorial apertures marked a , which leave fixteen 
arms between them ; the arms and the fpaces are exadly 
equal, and each arm has a triangular piece of wood Idt, 
[fig. 12 .) ferewed upon it, by four ferews going through the 
arm into the wood, which is al(o kept firm and perpendi- 
cular to the face of the wheel, by a rib /, [fig. 1 1.) which 
projefts from each arm, and is let into a groove cut in the 
wood. The wheels have focketsg,^, [figs. 10 and 12.) which 
are bored out with a very true cylindrical hole to receive 
the (haft or fpindlc B B of the rigger, which is turned in 
the lathe to fit the fockets without (hake, yet at the fame 
time allowing them to move backwards and forwards upon 
the axis B B. The wheels are put together upon the fpin- 
dlc facing each other, the wooden triangles 01 one wheel 
entering the (pace between the arms of the other, as is (hewn 
in figs, ioana 12 ; in this manner it is plain that the points, 
or rather plane, of interfeftion of the triangles bde of 
each wheel, will form a circular groove to receive a rope, 
which groove can be increafed in its diameter by advancing 
the wheels towards each other, or diminifhed by fetting 
them farther apart, as in fig. 10. The wheels are prevented 
from turning on the fpindle by means of a fillet, which is 
inferted partly into a groove cut in the axis, and partly in 
another groove made in the focket of the wheel. The 
wheels may be brought nearer together, or thrown farther 
apart, by two ferews h,h, [fig. 12.) which have fockets 
in one wheel, and are tapped into the other: two equal 
cog-wheels i, i, are keyed fail upon the ferews, and an in- 
termediate cog-wheel It, placed loofely upon the main axis 
between them, caufes botn ferews to turn at the fame time. 
A more fimple method of altering the diameter is by pullm 
ing the wheels together by hand, and fattening them to the 
axis by ferews e,e, fig. 10. 



Expansion 


EXPANSION, m Mctaphyftcs , expreffea the idea we 
h ive of lading or preferring dtftance, i. c. of diftance, all 
the parts whereof exift together. 

Expansion, from the Latin expand*), in Philofophy , de- 
note the increment of futface or of bulk, of which natural 
bodits are fulceptible. With refpedl to the expanfion of 
furface, fee the articles Ductility and Gold Beating. 

Bodies of every kind, as far as we are acquainted with 
them, are expanded in bulk by heat, and are contracted by 
cold } and to this law there are very few exceptions, which 
will be noticed in due time* The cxpanfions, or the incre* 
incuts of bulk, are not cxa&ly proportional to the incre- 
ments of heat in the fame body ; nor are different bodies 
expanded alike by the like elevation of temperature. 
Thus, if a quantity of water boincreafed one inch in bulk, 
by the communication of ten degrees of heat, the commu- 
nication of twice or thrice as muen more heat will not caufe 
it to expaijd two or three inches more, Alfo, if a tod of 
old, and another fimilar rod of ghfs, be heated to the fame 
egree, their increments of bulk, arifing thereby, will not 
be eaual, the gold expanding more than the gkue. 

Of the three principal lutes of natural bodies, viz* 
folids, liquids, and elaftic fluids, the Colids are expanded 
lead ; the liquids are expanded more than the folids, but 
the elaftic fluids are expanded a vaft deal more than the 
liquids. The knowledge of the precife quantities of thefe 
expanfions of bodies is of great ufe in philofophy, in me- 
chanics, and in other icientific fubjefts ; hence no pains 
have been fpared by philofophers to inveftigate and afeer* 
tain them ; various inftruments have been contrived for 
that purpofe; innumerable experiments have been inftituted ; 


and a great many ufeful refults have been obtained. Of 
thefe refults we mall now endeavour to give a regular and 
diilinft account. 

The inftruments which have been contrived for the pur- 
pofe of meafuring the expanfions of folids arifing from an 
elevation of temperature, are called pyrometers . The ob- 
jefts which mull be had in view in tne conftruftion of py- 
rometers, are to form afteady frame, wherein folids of a cer- 
tain length may be applied either fucccflively, or feveral of 
them at the fame time, fome cohtrivancc by which thofe 
metallic bodies may be heated to any required degree, and a 
mecltanifm capable of meafuring the increafe of bulk which 
is caufed by the heat ; and this may be accomplilhed by 
means of multiplying wheels, by levers, by ferevvs, by a 
microfcopical micrometer, orotherwife. See Pyrometer. 

Some of the firft determinations of the expanfion of 
bodies, that may be confidered as being fuflicicntly accurate, 
were made by Mr. Ellicot with a pyrometer of his con- 
trivance. Mr. Ellicot determined the proportional expan- 
fions of feven metallic bodies by the fame elevation of tem- 
perature. They are as follows : 

Gold. Silver, Bi'difr. Copper. Iron. Steel, and I*ad. 

73. IO3. 95. 89. 60. 56. I49. 

Mr. Smeaton contrived a much better pyrometer, and 
with it he determined the expanfions of feveral folids. Miv 
De Luc alfo contrived a pyrometer of a peculiar con* 
ftruftion ; but Mr. Ramfden's pyrometer is fuperior to any 
other contrivance of the kind. 

The following table (hews, in parts of an inch, how much 
one foot length of different fubftances » expanded by 180° 
of beat, Fahrenheit’! fcale, between the freezing and the 
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boiling pointl of water. To tlie firff feven fubfiances, 
(which were examined in Mr. Ramfden's moft accurate 
pyrometer,) there are added the expanfiona for a Angle de- 
gree of heat. The others were determined by Mr. Smea- 
ton with his pyrometer. 

Fahrenheit's Scale. 


Standard brafs fcale, fuppofedto 

By i c 

By 180 0 . 

be Hamburgh brafs 

Englijfh plate brafs in form of a 

0.0001237 

0.0222646 

rod - 

Engli(h plate brafs in form of a 

0.00012 62 

O 

to 

0 

d 

trough 

0.0001263 

0.0227386 

Steel rod 

0.0000763 

0.01373*8 

Caft-iron prifm 

0.0000740 

0,0133126 

Glafs tube 

0.0000517 

O.OO93138 

Solid glafs rod 

0.0000539 

0.0096944 

White glafs barometer tube 

0.0100 

Martial regulus of antimony 


0.0130 

Bliftercd fteel 


0.0138 

Hard fieel 


0.0147 

Iron - 


0.0151 

Bifmuth 


0.0167 

Copper hammered - 
Copper eight parts, with tin one 


©.0204 

part 


0.02 18 

Call brafs .... 

Brafs fixteen parts, with tin one 


0.022 ; 

part - 


0.0229 

Brafs wire - 


0.0232 

Speculum metal - 

Spelter folder, viz. brafs two 


0.02J2 

parts, zinc one - 


0.0247 

Fine pewter - 


0.0274 

Grain tin 

Soft folder, viz. lead two parts, 


0.0298 

tin one - 

Zinc eight parts, with tin one, a 


0.0301 

little hammered - 


O.OJ 2 J 

Lead 


O.O344 

Zinc or fpelter - 

Zinc hammered half an inch per 


°.oj 53 

foot 


0-0373 


Iron, inftead of being condfcnfed into a fmaller bulk, 
expands in its tranfition from a fluid into a folid (late { fo 
that a quantity of iron occupies more room in the folid form 
than it does in a fufed Hate. 

Dr. Wollafton, in order to form fome eftimate of the com- 
parative rate of expanfion of platina and palladium, fays, 

I rivetted together two thin plates of platina and 
palladium, and obierving that the compound plate, when 
heated, became concave on the tide of the platina ; I afeer- 
tained that the expanfion of palladium is in fome degrees the 
greater of the two. By a fimilar mode of comparifon I 
found that palladium expands confiderably lefs than fled by 
heat.” Phil. Tranf. for 1805. 

It muft be remarked with refpeft to the expanfion of glaft, 
that fometimcB glafs tubes arc extended more than folid 
glafs rods : their dilatation, however, is not conftant ; for 
tubes of different diameters, or of different forts of glafs, 
are expanded differently by the like degrees of heat. 

Wood is not expanded much longitudinally; that is, m 
the dire&ion of its fibres, by heat, and this is particularly 
the cafe with deal and other firaight -grained wood. I ro- 
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bably, upon the whole, the longitudinal expanfion of wood 
is left than that of glafs. It has been obferved, (efpecially 
by Dr. Rittenhoufc, Tranf. of the American Phil. Society) 
that very dry and feafoned wood, if not expofed to a very 
high or to a very low temperature, will expand in length 
pretty regularly : otherwife its expanfion by heat, and its 
contra&ion by cold, are very irregular : for they feem to 
depend partly upon the heat, and partly upon the moifture, 
which the wood acquires in certain circum fiances, and is 
deprived of in othcis. 

It is hardly neceffury to mention, that the folids of the 
preceding table contrail their dimenfious by cooling as much 
as they are expanded by heath g; thus, for in (lance, if a 
yard length of any particular metallic body, by being heated 
100' above the aftual temperature of the atmofplicre, be 
lengthened one fiftieth part of an inch; afterwards, when 
cooled down to the temperature of the atmofphere, it will 
be found to have loft exadlly that fiftieth part of an inch 
which it had acquired by heating. 

From the experiments hitherto made on the expanfiona 
of folids by heat, no correfpondence has been obferved 
between the expaufions and the quantities of caloric they 
are capable of abforbing, The fufibility of metals feems 
to coincide with the dilatations ; platina, the lead fufible of 
the metals, dilates the Icaft; lead dilates moll ; and the mofl 
fufible glafs is alfo the moil dilatable. We may therefore, 
conclude with Mr. Berthollet, that bodies are fo much the 
more cxpanfible, the lefs caloric they require to change their 
conftitution from folid to liquid, and from liquid to gafes or 
vapours. 

There is a fub (lance which expands when heated ; but 
does not contract when cooled ; and of this Angular property 
Mr. Wedgwood availed himfelf for the confirmation of his 
ingenious thermometer for meafuring the higheft degrees of 
heat ; viz. thofe degrees which exceed the fcale of the 
mercurial thermometer* (See Thermometer.) The fub- 
ftance alluded to is the argillaceous earth or clay, and it 
appears that the above-mentioned property belongs, mpre or 
left, to argillaceous bodies of every kind. This property 
may at firft fight appear to be an unaccountable exception 
from the general law : the difficulty, however, will vanifli, if 
it be considered that bodies of the argillaceous genus contain 
a confiderable quantity of water, and that the contraction 
of thefe bodies, when expofed to the action of a ftrong fire, 
is in great meafure due to the efcape of the water, and hence 
they do not contract by fubfequent cooling. 

The method of meafuring the expanfions of fluids is to 
inclofe them in a certain veffel, and to meafure that part of 
the cavity of the veffel, which is occupied by the fluid under 
trial, in different temperatures. It is evident that the fub- 
fiance of the veffel is likewife expanded by the heat, and of 
courfe the cavity of the veffel is enlarged. Therefore, when 
wc find that the bulk of the fluid is increafed, that incre- 
ment is only the difference between the enlarged capacity 
of the veffel and the increafed bulk of the fluid. Thia 
(hews the ncceffity of forming thofe veffels of fuch fubftancea 
as arc leaf! expanlible by heat. Indeed glaft is the fub- 
ftance which is univerfally ufed for fuch purpofes, both on 
account of its little expanfibility, and of its transparency ; be- 
sides its having other ufeful properties. A glafs veffel, filled 
to a certain degree with a liquid, for the purpofe of (hewing 
the expanfions of that liquid m different temperatures, or for 
the purpofe of (hewing the temperature of the correfponding 
expanfion of that liquid, is called a thermometer ; viz. a 
meafure of the temperature. See Thermometer. 

The propereft lhape foi a thermometer is that of a long 
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tube with i narrow bore, having a globular cavity at one 
•nd | which, familiarly fpeaking, may be called a globular 
glafs bottle with a long and narrow neck. The globular 
cavity, and part of the tube of one of thefe veffels, is filled 
with the liquor whofe expanfion is to be examined, and the 
▼efTel is then heated, in confequence of which the liquor, 
which is contained in it, is expanded, and not being able to 
extend itfclf any other way, all the increment of bulk muft 
be manifefted in the tube ; viz. the furface of the fluid will 
rife in the tube ; or, if cooled, it will defeend in it. If the 
fame veffel of the above-mentioned (hape be fucceflively filled 
with different fluids, and with each fluid it be expofed to 
certain degrees of tempeiature, (which muff be determined 
by an accurate thermometer,) the proportional expanlions 
©t the different fluids may thereby be ascertained. The fame 
obieft may be obtained by filling fevcral fuch veffels with the 
different fluids, that are to be examined, and heating or 
cooling them all at the fame time; but in this cafe the 
correfponding capacities of the different veffels mult be pre- 
viously ascertained ; which may be done by filling all the 
veffels with the fame kind of fluid, and expofing them all 
to different degrees of temperature; fo that the correfpond- 
ing elevations of the fluid in the different veffels may be 
marked on the tubes. Thefe veffels are afterwards emptied 
and filled again with the fluids, See. Thus the proportional 
expan fions of liquids may be determined ; but when the ac- 
tual or af)£wlute increafe of bulk is required, then the capa- 
city of the veffel muft be accurately gauged. This mca- 
furement of the capacity may be accomplilhed in the fol- 
lowing manner. In the firft place weigh the empty glafs 
tube; fecondly, fill part of the tube with a convenient 
fluid, (mercury,* for in fiance, which is the fitted for filch 
yurpoics) t thirdly, meafure the length of the tube which 
is occupied by the mercury, and weigh the inftrument a 
fecond time ; then, by fubtrafting this fecond weight 
fiom the former, you will have the weight of mercury 
which fills up a certain length of the cavity of the tube ; 
fourthly, fill the bulb of the veffel entirely with mercury, 
and weigh the veffel a third time. This weight being 
fubtrafted from the firft, viz. from that of the empty veffel, 
will leave the weight of the mercury in the bulb. Now, 
having the weight of the mercury in the bulb, as well as of 
that which fills a certain length of the tube, the ratio of 
the former to the latter may be eafily determined by fimple 
divifion. Alfo the abfolute quantity in bulk of the former 
is obtained from the well known fpecific gravity of mercury, 
and from the weight of a cubic inch of diftilled water, 
which (when the barometer is at 29 74 inches, and Fah- 
renheit’s thermometer at 66°) is equal to 252.42 grains 
Troy ; one pound Troy being equal to 5 ) 60 of thofe grains. 
An jBnglifli cubic inch of mercury of the fpecific gravity 
13.6 weighs 3443*- Englifb grains. Inftead of mercury, 
fome other fluid may be employed for this purpofe ; but not 
£0 conveniently as mercury. The expanfions of a fluid, 
which are earned by different degrees of heat, may likewife 
be determined by ascertaining the fpecific gravity of that 
fluid in different temperatures ; for the fpecific gravity de- 
creases in proportion as the fluid is expanded, and vice 
verjd ; but this method is not capable ot as much accuracy 
as the former. 

Liquids differ from each other in regard to their expanfi- 
biiity ; fome expanding more than others. Alfo the expan- 
fions of the fame liquid by equal degrees of heat are not 
quite regular; and it has been obferved that this irregu- 
larity is greater when they approach the ftate of vapour. 
Upon the whole* mercury has been found to be expanded by 


heat more regularly that any other fluid ; yet its increment* 
of bulk are not perfeftly regular. Mr. De Luc, with great 
care and patience, has endeavoured to afeertain the real 
expanfibility of mercury, or rather the real quantities of 
heat that are required for expanding mercury arithmetically, 
viz. by equal augmentations. Thefe are expreffed in the 
following table, the firft column of which contains the de* 
grees of Reaumur’s fcale, from five to five, which are equal 
parts 5 the fecond Chews the real quantities of heat which 
are required to raife the mercury to the correfponding de* 
grees, where * is a fixt but unknown quantity ; and the 
third column (hews the differences of thofe quantities. Do 
Luc’s Recher. fur lea Modif. de la Atmofph. 1772, p. 309* 



Mercurial 

Thermuni. 

Heal quantUicA 
of heat. 

Heal difference*. 
of heat corre- 
fponding to the 
vai iations of the 
Mercury in tho 
thermom. from 5 
to a degree*. 

Point of boil, water 

Point of melt, ice 

80’ 

75 

70 

6 5 

( O 

55 

50 

! 45 

40 

35 

30 

25 

20 

1 5 

10 

5 

0 

z -f 80.OO 
*+75.28 
*4-70.56 

* f 65-77 

B -f 60.96 
z + 56.15 

* + 51.26 

* + 4 6 -37 

* + 4 > 4° 

* + 36.40 

* + 3*-3* 
*+26.22 

* + 21.12 
*+15.94 

* + 10.74 

*+ 5*43 

* 

-4.72 

-4.72 

-4-79 

— 4.81 

— 4.81 
-4.89 
-4.89 

-4-97 

—5.00 

—5.08 

-5.10 

-5.10 

-51S 

-5.20 

—5-3* 

-5-43 


Fiom the third column it appears, that the differences of 
heat requifite to make equal and pnogreflive additions to* 
the bulk of the mercury, though not exaftly equal, yet 
are not very far from the ratio of equality. If the bulk 
of a quantity of mercufy, at the temperature of 32® 
Fahrenheit's fcale, be conceived to be divided into 100, oco 
equal parts, and then be heated as high as the temperature 
ot boiling water; (viz. 212 0 ) its bulk will thereby be in* 
created by 1 836 of thofe parts. 

The expanfion of water is attended with a Angular devia- 
tion from the general law ; viz. this fluid is expanded by 
heat' from about the 40th degree of Fahrenheit’s thermo- 
meter upwards ; but below 43° its bulk is expanded by a 
farther decreafe of heat, cr increafe of cold; andinfaftice 


is lighter than water, fo as to float upon it ; toe fpecific 
gravity of ice being to that of water nearly as 7 to 8. The 1 
bulk of ice is to that of the water, when the ice is melted* 
as 9 to 8 very nearly. The bulk of water, from its moll' 
con t rafted ftate at trie temperature of 40°, increafes conti- 
nually ; but that increafe is not very regular $ for inftancey, 
the increafe of bulk from 180* to 212^, is oonfiderabiy 

r ater than from 40° to 72 0 . If the bulk, of water at 40® 
called r, its bulk at 212 will be 1.04785. Beyond' 
that degree of heat water becomes vapour ; viz* an elaftic 
fluid, and the formation of this elaftic fluid on the Tides of 
the veffel within the water, forms the hubbies, the. cfcape- 




EXPANSION 


of which conftitutea the boiling# The bulk of fteam at 
the boiling point is fomewhat lets than 1800 times the bulk 
of the water from which it originated. 

The expanfion of freezing water is not owing to the ex- 
trication of air ; for water deprived of air expands like other 
water in freezing. Mr. Mairan attributes it to a ftrong ten- 
dency the partides of water have to arrange themfelves into 
ranks and lines, which crofs one another at angles of 6o° 
and 120°. This tendency feems to begin at the tempera- 
ture of 40°. The expanfion of freezing water has a pro- 
digious force. It is owing to this that in hard frofts timber 
is burft, plaifter is removed from walls, and even iron mor- 
tar (lulls filled with water, and accurately (lopped, have been 
burft by the freezing of the water. 

This lingular property of water, viz . its expanding from 
the temperature of 40° downwards, fo as to become lighter 
and lighter in proportion as it becomes colder and colder, is 
a mod ftriking inftance of the wifdom of the Creator, and 
is a property of immenfe confequencc to the very cxiftence 
of animals and vegetables. A quantity of water is indif- 
penfably neceffary to animals and to vegetables at all times 
of the year. In winter, when the cold air freezes tfie fur- 
face of the water, that effect feldom penetrates lower than 
two or three feet. Below that depth the water continues 
fluid, and the cruft of ice itfelf contributes to preferve its 
fluidity. The heat of the earth, which has been acquired 
during the fummer, undoubtedly prevents the formation of 
ice below a certain depth. But if water in cooling had 
continued to increafe in fpecific gravity, and had ice been 
actually heavier than water, the heat of the earth would 
not have been fufficient to prevent the total freezing of all 
the waters of lakes, feas, rivers, &c. “ For,” fays count 

Rumford, “ as the particles of water on being cooled at 
the furface would, in confequencc of the increafe of their 
fpecific gravity, on parting with a portion of their heat, 
immediately defeend to the bottom, tnegreateft part of the 
heat accumulated during the fummer in the earth, on 
w hich the water repofe 9 , would be carried off and loft before 
the water began to freeze 5 and when ice was once formed, 
its thickncfs would increafe with great rapidity, and would 
continue increafing during the whole winter 5 and it feems 
very probable that in climates which arc now temperate, the 
water in the large lakes would be frozen to fuch a depth in 
the courfe of a fevere winter, that the heat of the eufuing 
fummer would not be fufllcient to thaw them ; a.id fcould 
this once happen, the following winter would hardly fail to 
change the whole mafs of its waters to one folid body of 
ice, which never more could recover its liquid form, but 
muft remain immoveable till the end of time.” (7th 


Effay.) . . , 

The following table (hews the expanfions of the principal 
liquids that have been fufcmitted to fuch experiments, ac- 
cording to Mr. De Luc’s obfervatious. With refpefl to 
this table it muft be underftood that different thermometers 
(each being filled with a particular fluid, fuch as is men- 
tioned at the top of each column, and each being divided 
into 80 equal parts between the freezing and the boiling 
points of water) are placed with their bulbs in the fame 
veffel full of water, and that the water is gradually heated. 
Then when the mercurial thermometer (lands at j io°, 15% 
Ice. the furfaces of the fluids in the other thermometers 
will be found at the degrees which (land on the fame levels ; 
for inftance, when the mercurial thermometer (lands at 40°, 
the water thermometer will be found to (land at 2o°*5, the 
fpirit thermometer will be found to ftand at 35°, the oil 
thermometer at 39°. a, &c. 
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Mercury. 

Water 

Witrr 

fatura- 

ted 

with 

iialt. 

Alco- 

hol. 

Alco- 
hol 3 
parti, 
water 

1. 

Alco- 

hol 

and 

water 

equal 

parts. 

Alco- 
hol 1 
puri, 
water 

3 . 

on of 

olives, 

Boiling water 

80° 

O 

6 

CO 

00 

O 

b 

80.O 

80.0 

80.0 

00 

0 

b 

80.0 


75 

71.0 

V 4 * 1 

73-8 

73*7 

73 * a 

71.6 

74-6 


70 

62.0 

68.4 

67.6 

'>7 -5 

66. 7 

62.9 

69.4 


5 

53-5 

62.6 

61.5 

61.5* 

60.6 

55 -J 

64.4 


60 

45.8 

57 - ‘ 

55-5 

55.8 

54.8 

47*7 

S 9-3 


55 

3»-5 

5 i -7 

jo-3 

50.2 

49. t 

40.6 

54 -* 


jo 

32.0 

46.6 

4J.1 

44*9 

43*5 

34-4 

49 * 


45 

26.1 

41.2 

40.0 

39*7 

38.4 

28.4 

44 ° 


40 

20.5 

3 * 5-3 

35 -o 

34*8 

33-3 

23.0 

39 * 


35 

I5.9 

3*3 

30.1 

29.8 

28.4 

18.0 

34 * 


30 

IX. 2 

26.5 

* 5-5 

2 5 ‘* 

2 3-9 

• 3-5 

2 9*3 


25 

7-3 

21.9 

20.9 

20.7 

19.4 

9-4 

* 4*3 


20 


! 7*3 

16.5 

16.2 

T 5*3 

6.1 

* 9*3 


i.S 

1.6 

128 

12.0 

1 1.8 

11. 1 

34 

14.4 


10 

0.2 

8.4 

7-9 

7-7 

7 -* 

*4 

9*5 

Freezing 

5 

0.4 

4.2 

3-9 

3.8 

34 

0.1 

4*7 

0 

5 

10 

0.0 

0.0 

4 *i 

8.0 

0.0 

0.0 

0.0 

0.0 

0.0 


The expanfions of claftic fluids, fuch as common air, the 
gafes, and' vapours, are more difficultly afeertained; for 
the expanfions of thofe fluids are occasioned by a diminution 
of preilure, as well as by an increafe of temperature 5 and 
it is difficult to fubjetft any of thofe fluids to the a&ion of 
one of thefe caufes only a time, in order that the effeft of 
each may be duly eftimated. 

When common air is a&ed upon by preffure only, inde- 
pendent of any alteration of temperature, its bulk is found 
to increafe and to decreafe in the inverfe proportion of the 
preffure ; thus, the air clofc to the furface of the earth ia 
compreffed into the bulk which we experience, by the fu* 
perincumbent atmofpherc. If that preffure be increafed, 
the bulk of the lower air will be contra&cd* which is ma- 
nifested by an augmentation of its weight ; if that preffure 
be dimiuiihed, the bulk of the lower air will be increafed, 
as is man i felled by a diminution of its weight. And this 
expanfion and contraction of the air is exadtly but inversely 
proportional to the preffure 5 fo that a double preffure will 
comprefs it into half the fpace, a treble premire into one 
third of the original fpace, Sc c. The fame thing, mutath 
mutandis , may be faid of the removal of preffure, and of 
the expanfion thereby arifing. This clafticity of the air has 
not been found to be impaired by a long continuance of the 
preffure ; for air has been left during feveral years very much 
comprcfled in proper vcffcls, wherein there was nothing that 
could have a chemical adtion upon it ; and afterwards on 
removing the unufual preffure, and replacing it in the fame 
temperature, the air has been found to recover its original 
bulk. It is not known how far a quantity of air may be 
expanded by removing the preffure, nor how much it may 
be comprefled by increafing the preffure 5 for no experiments 
have as yet been able to afeertain either limit. 

The inftrument, in which the expanfion of air is tried, 
has been called manometer , (which fee,) It is a fort of 
large air thermometer, confiding of a tube five or fix feet 
long, having a bulb at one end, and being open at the other 
end. The bore of the tube is about a 20th of an inch in 
diameter. A (mall quantity of quickfilver is placed in feme 
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part of the cavity of the tube, and theexpar/ion of the air 
in the bulb, when heated, forces the quickfilvcr to move 
towai ds the open end of the tube. The degree of heat to 
which the manometer is expofed is meafured by means of a 
thermometer ; the quantity of expanlion of the air is mea- 
fured by gauging the manometer, and making marks on the 
tube, which may indicate parts of the cavity of the tube that 
are proportional to the capacity of the manometer; as for 
ir. fiance loodths, looodrhs, See. By placing the manometer 
horizontal or vcrticnl, cither with the bulb downwards or 
upwards, the air in it may either be left of the natural den- 
fity, or it may be condeufed, or, laftly, it may be rare- 
fied ; for when the manometer (lands horizontal, the quick* 
iilver in the tube does not prefs upon the air in the bulb, 
nor on that of the atmofphere ; when the bulb is downwards, 
the quickfilvcr preffmipon the air of the manometer, and when 
the bulb is upwards, the quickfilver preffes again ft, and coun- 
teracts, in fomemeafure, the gravity of the atmofphere. Hence 
this prefTure, and this expanfion of the air within the manome- 
ter, may be increafcd to any required degree by increaling the 
quantity of quickfilvcr within the tube : and thus the expan* 
fibiiity of common, or of condenfed, or of rarefied air, may be 
tried. The expanfion of air, by the fame degrees of heat, 
differs according to its denfity, and to the quantity of 
moiihire it contains ; nor are the increments of its bulk pro- 
portional to the degrees of temperature. 

It appears from Col. Roy’s very numerous experiments 
( Phil. Tranf. vol. 67th) that jooo parts of air, k of the den- 
iity of the common atmofphere, at o° of heat, become 
1484.21 at 212 0 ; viz. are expanded 484.21, by 21 2° of 
heat, 

1000 parts of air loaded with i\ atmofpheres, are ex- 
panded 434 of thofe parts, by 21 2° of heat. 

1000 parts of air preffed only with ^ths of an atmofphere, 
are expanded nearly 484 of thofe parts by 2 1 2° of heat. 

1000 parts of air prefled with th of an atmofphere, are 
expanded about 141 pans by 180° of heat ; viz. from the 
freezing to the boiling point of water. 

44 From thefe lall experiments,” Col Roy fays, 44 it would 
feem that the particles of air may be fo far removed from 
each other, by the diminution of prefTure, as to lofe a very 
great part of their elaftic force.” 

The above-mentioned expanfions of air are by no means 
regular : viz. they are not proportional to the number of 
ft'ie degrees of heat. The maximum of expanfion takes 
place between 52 0 and 72' s and the minimum isconftantly 
at the boiling point of water. Moill air expands a great deal 
more than dry air, efpecially when it approaches the boiling 
point of water; fo that between 192% and 212°, moift air 
expands-about eight, or nine, times as much as dry air in fimi- 
lar circumllances. 

The expanfions of gafes may be tried and determined in 
the fame manner as the expanfion of common air. From a 
long feriesof experiments Meffrs. Guytou and Prieur de- 
duced a dilatation peculiar to each gas ; but Mr. Guy-Luf- 
fae has (hewn, that all gafes, without exception, poflefs the 
fame expaniibility at the fame degree of temperature, and 
that the prefence of water in gafes occafioned the errors into 
which his predeccflbrs had fallen. He is led to conclude 
from his experiments made on gafes reduced to the utmoft 
degree of dryuefs, that 100 parts of each of the permanent 
gates acquire an incrcafe of j by every degree of the ther- 
mometer from o° to 80 'Reaumur’s feale. Vapours, he alfo 
thinks, follow the fame laws of dilatation as gafes, provided 
the temperature be fufficiently elevated to keep them in the 
da&ic lUte. Therefore, Mr. Chaptal fays, it may be laid 
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down as a principle, that gafes and vapours are equally dilaU 
able, and equally compremble ; but it will be necefTary to be 
more particular with refped to the expanfibility of the va- 
pour of water, upon the elafticity of which numerous na- 
tural phenomena, and the adlion of fevered important ma- 
chines, depend. 

Mr. Schmidt alfo made a feries of experiments upon the 
expanfibility of air, made as dry as poffible by expofure to 
hot potaih. He found the expanfion of a quantity of air 
which meafured one inch at the freezing point, viz* at the 
temperature of o* Reaumur’s thermometer, to expand as be- 
low. 


Degrees of 

Expanfion 

Keaumur. 

of one inch. 

I 

O.OO44675 

4 

OOI78700 

8 

O.035740 

12 

6 0536100 

l6 

0.0714800 

20 

0.0893500 

24 

0.1072200 

28 

0.12509-9 

32 

e. 1429600 

36 

0.1608300 

40 

0.1787002 


This table alfo fhews, by its differing from the refults of 
D’Amontons, De Luc, Lambert, Schuckburgh, Ber- 
thollet, aud others, that thofe gentlemen operated upon air 
more or lefs charged with moifture. They alfo took the 
barometers at different altitudes. In Mr. Schmidt’s experi- 
ments the barometer was taken at 29,841 Englifh inches. 
Thefe variations of the rates of expanfibility of moift air, 
faturated at different temperatures, Schmidt attributes t® 
the variations of the degrees of affinity between air and va- 
pour. 

Water heated to the 2 1 2th decree of Fahrenheit’s thermo- 
meter (or thereabout, for the different gravity of the atmo- 
fphere occafions a confiderable difference; overcomes the ordi- 
nary prefTure of the atmofphere and becomes fleam, an elaftic 
fubftar.ee, the bulk of which at that point is fomewhat lefs 
than 1800 times the bulk of the water from which it origi- 
nated. Beyond that point vapour is expanfible in a moft 
aftonifhing degree; for ,;o° more of heat {viz. the tempera- 
ture of 242°) will double the elaftic force of fleam 5 30° more 
added to that (viz. the temperature of 272 0 ) will render the 
elaftic force of fleam nearly equal to four atmofpheres 5 and 
fo forth. Tin's immenfe expanfibility of fleam, when the 
heat which produces it is quickly fupplied, is capable of 
producing prodigious effefts. When water is caufed 
to boil in a veffel upon a common fire, the heat which is 
communicated cannot convert all the water at once into 
fleam ; but if the quantity of water be fmall in proportion 
to the heat \vh ; ch can be communicated in a given time, 
then the cunverlion of water into fleam is quickened to any 
degree, and it may be rendered inftantaneous ; in which cafe 
it produces a fudden and violent expanfion, or an explofion. 
A drop of rain in boiling linfeed oil, falls to the bottom, is 
inftantly converted into vapour, and occafions dangerous 
conferences. 44 It has fometimes,” Dr. Black fays in his 
Chemical Leftures, 44 happened that a perfon, by carelefsly 
fpitting iqto a copper foundery, has oocafioned an explofion 
tliat deftreyed the whole building.” Count Rumford attri- 
butes the vaft force of gun-powder to the fudden converfion 
into vapour of that quantity of water which naturally enters 
into the compofition of that powder ; it being a component 
of the nitre. Phil. Tranf. for 1 797. 
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Water at the temperature of at a 0 is converted entirely 
into fleam, or rather, under the ordinary preffure of the at. 
mofpherc, water cannot be heated higher than 21 2°; but 
water is gradually converted into fleam or vapour at a much 
lower temperature. Mr. Piftet inttituted a feries of experi. 
ments on the elallicity of pure vapour in low temperatures. 
He found that a grain of warm water in vacuo evaporates in 
forty minutes in the temperature of 38° Fahr. under a re- 
ceivcr containing 1452 Englilh cubic inches, but that it did 
not diffufe itfelfequally in lefs than fix hours and then raifed 
the hygrometer from 17 ' to 6 A that is, 43 °; and during this 
whole time the cold under the receiver was conflantly de* 
creating, though (lowly : which decie^fe undoubtedly con- 
tributed to the diffufion of the vapour. Effais de rhylique, 
p. 157. 

The beft, or moft extentive experiments upon the evpan- 
five force of the (team of water, and of the fleam of alcohol, 
were made by the Chev. de Bertancourt ; and are related by 
Prony in the fecond volume of his « Architc&urc Hydrau- 
lique from which the following compendious fkctch is de- 
rived. 

The fluid with which the experiments were made was 
confi.ied in a very ftrong copper boiler, being eight inches at 
its greateft diameter, and fourteen inches in height. The 
upper part of it was elofed by a cover made of copper, 
through which pa (Ted three tubes. The flrfl ferved to intro- 
duce the fluid into the boiler, and could be elofed by means 
of a ferew. The fecond was occupied by a thermometer, 
having its ball about two inches above the bottom of the 
boiler, and the fcale, which was on the outfide, contained 
from o° to 1 io J of Reaumur. To the third was adapted a 
bent barometer tube, having two lines of internal diameter ; 
the afeending branch of which was ijo inches in length. 
By means cf a lateral cock a communication was eflablifhed 
between the boiler and an air pump, which ferved to make a 
vacuum before the fire was kindled in the furnace below the 
apparatus. This circumftance of evaporation in a vacuum 
forms an efiential difference between the experiments of Bet- 
tancourt and thofe made before by Ziegler, and renders 
them applicable to the theory of the fleam engine, where the 
vapour ads in a ipace freed from air. 

A vacuum having been made in the boiler, the mercury 
brought as nearly as polfible to a level in the two brandies of 
the barometric tube, and the thermometer reduced to zero 
by means of ice, the ice was removed, and afire was kindled, 
which was excited gently and with much equality, that the 
thermometer pafTed over about a degree per minute. One 
perfon then flood by to obferve the barometer, and another 
to obferve the thermometer, and each kept a regilter from 
degree to degree of the preflure and correfponding tempera- 
tures 5 the preffure being expreffed by the height, in French 
inches, of the columns of mercury, which rofe above the 
level in the long b;anch of the barometer. 

Thcfe obfervations of the expanfive force of the fleam of 
water furuifh no refults, proceeding from degiee to de- 
gree of the thermometer, and beginning at zero. Thcfe 
refults are contained in the following table, where the de- 
grees of preflure are expreffed in French inches of perpen- 
dicular height of mercury, and the temperature is denoted 
according to Reaumur’s fcale. The experiments on the 
expanfive force of the fleam of alcohol were made by th$ 
like prpeefs) and with the fame apparatus, 


Table of the Expanfive Force of the fleam of Water 
and of Alcohol. 
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The expanfive force of the fleam of water has alfo been 
determined by Mr. Schmidt, with all the accuracy that the 
experiments feem to admit of : but the refults which he has 
not ftated for every degree of the thermometer, do not 
agree exadlly with thole of Bettancourt. We deem it 
therefore ueceffary to fubjoin thofe refults in the following 
fhort table, wherein the temperature is expreffed in degree* 
of Reaumur’s thermometer, as in the preceding table, and 
the expanfive force in French inches of perpendicular alti* 
tude of mercury. 
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Ta 4 le of the Expanfive Force of the pore vapour of 
Water, according to Mr. Schmidt. 
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Mr. Dahon has likewife endeavoured to determine the 
expanfive force of the vapour of water ; but the refult9 of 
hia experiments nearly coincide with thofe of the preceding 
tables, which fuperfedes the neceflity of dating them in the 
prefent article. See Evaporation. 


EXPANSION 

From a careful examination of all the experiments made 
on this fubieft, Dr. Young has deduced a formula by which 
the expanfive force of fteam may be determined for any de- 
gree of the thermometer, pretty near the real refults of the 
experiments. The formula is as follows ; 

Let / denote the temperature according to Fahrenheit's 
thermometer, and e the number of inches in perpendicular 
height of mercury, which the fteam is capable of fupport- 
ing ; then the formula is e = .178 1 (1 4- .006 jf)\ 

The reader might perhaps expea to find in the prefent 
article the particulars relative to the expanfions of heat, 
and of eleftricity ; but the uncertain natures of the fluids, 
to which the effects of heat and of eleftricity are attributed, 
befides other confiderations, oblige us to refer him to other 
parts of this Cyclopaedia. See Hrat, Caloric, and the 
articles belonging to ele&ricity. 

Dr. Gregory, in his Aftron. p. 407, proves, that a 
globe of our air, of an inch diameter, it it were removed 
to the diftance of a femidiaraeter of the eaith, should ex- 
pand itfelf fo as to fill all tlie planetary region as far as, 
nay, far beyond the fphere of Saturn. See Air. 





FELTING, inth e ManufaBures, denotes the operation 
by which the fur, hair, and wool of animals are wrought into 
a fpecies of cloth, without either fpinning or weaving. A 
hatter fepatates the hairs from each other by ftriking the 
wool with the firing of his bow, thus caufing them to 
fpring up in the air, and they then fall in every direction on 
the table,, fpread and diftributed in fmall flocks, which the 
workman covers with a cloth, (lightly moiftened; prefling 
it with his hands, and moving the hairs backwards and for- 
wards in different directions. In this manner the different 
fibres are brought againft each other, and their points of 
contact coniiderahly multiplied; and the agitation gives 
each hair a progreflive motion towards the root, in con- 
fequence of which the hairs become twilled together. As 
the mafs becomes compact, the preffure fhould be increafed, 
in order to keep up the progreflive motion' and twilling of 
the hairs, which is thus performed with greater difficulty. 
The various fibres of the materials being thus by a gra- 
dual preffure in different directions made to interweave and 
crolis each other, form a piece of fluff of a foft and fpongy 
texture ; upon this firft piece is placed another, formed in the 
fame manner, and fometimes a third or fourth, according 


to the nature of the materials, and the intended -thicknefs 
and confillence of the work. Thefe different pieces are 
fucccflivcly brought together, and difpofed in a form fuitable 
to the article which is to be fabricated ; and in order to 
effect the cohcfion, the operator ulei a number of preffures 
ind alternate motions in different directions, during which 
he preferves the fnpplenefs and flexibility of the material by 
flight afperfions of water. The next operation is fulling , 
which fee. The hair intended for the manufacturing of 
hats is always cut off with a (harp inftrument, and not 
pulled up by the. roots; becaufe the bulb of the hair, 
which would come out with it in the latter cafe, would ren- 
der the end which was fixed in the (kin very obtufe, and 
nearly deftroy its difpofition to unite with the adjacent 
hairs. The hairs fhould not be ftraight like needles, for 
then there would be no compadneft in the fluff. The 
fibres of wool having naturally a crooked form, that fub* 
fiance is well adapted to the operation of felting. The 
hair of beavers, rabbits, hares, See. being ftraight, cannot 
be ufed in felting, till it has been prepared for the purpofe. 
See Hat. 
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FERMENTATION. The important procefs by which 
feccbarinc folutions ace converted into intoxicating liquors, 
is one of thcmoft complicated in chemiftry, and tne precife 
caufe of this change is as yet very imperfeftly known. In 
the prefcnt article we (hall notice the conditions requifite to 
fermentation, the appearances that occur during the procefs, 
and the eflential product of it, referving for the articles 
Spirits, Diftillcd, and Wink, fome further particulars. 

The only two fubftances indifpenfably requifite to the 
formation of a fermentable liquor are water and fugar. 

No vegetable juice will ferment that is not fenfibly fwect, 
and from which a portion of fugar may not be extracted by 
chemical means. The Itrcngth of vinous liquors (other 
circumftances being the fame) is in direft proportion to 
the quantity of fugar contained in them before fermenta- 
tion, The addition of fugar to the weakly fermentable 
juices will enable them to produce a ftrong full-bodied liquor, 
and the very cffcncc of this procefs is tne difappearancc of 
the fugar, and the confcquent produftion of alcohol. 

With regard to the water, it does not appear how far 
this is an aftive ingredient in vinous fermentation, though 
it is fully afeertained that a particular degree of dilution is 
neceffary to this procefs : this confidence exifts naturally 
in the juice of grapes, in the faccharine fap of many trees, 
and of other fpontancoully fermentable liquors; and if theft? 
very liquors be deprived by gentle evaporation of a confider- 
able portion of their water, the refidue will not ferment till 
the requifite confidence is redored by the addition of a freih 
portion of water# On the other hand, if a faccharine mu- 
cilage is too dilute, the fermentation is very languid and 
imperfeft. 

But pure fugar and water alone will not ferment, and 
therefore fome other fubdance is alfo requifite. To this point 
the attention of chemids has been often direfted, but hitnerto 
with but little fuccefs ; indeed, the general refult of the 
experiments that have been made is, that fevcral fubdances, 
very different in their other properties, will anfwer almod 
equally well as a ferment. Mud, or the recent juice of 


the grape, contains, befide fugar and water, a quantity of 
vegetable acid, chiefly the tartareous, and one or more fub- 
dances obfcurely described under the names of mucilage 
and ext rad. Each of thefe is requifite to the fermentation 
of mud ; for if any one is abftraded the procefs Will not 
take place. A warm temperature is alfo requifite to fer- 
mentation. This varies according to the natural fermenta- 
bility of the materials, and their bulk. Thus, gtape-juicc 
will readily begin to ferment at the temperature of about 6o°, 
aad the procels is ftrong and vehement at 70° or 8o°. The 
expreffed juice of the lugar-cane is fo exceflively prone to 
fermentation, that in the climate of the Weft Indies tho 
procefs would begin in ten minutes, or a quarter of an hour | 
and hence, as fermentation is the deftruftion of the fugar, 
it is neceffary, in making fugar, to counteraft this tendency 
in the expreffed juice as lpeeaily as poflible, which is effefted 
merely by bringing it to a fealding heat. A low temperature, 
as that of freezing water, is equally efficacious in preventing 
or arrefting the progrefs of fermentation, fo that all do- 
meftic proceffes of this kind are performed within doors, or 
near a fire, and in the iarge way chilling mull be particu- 
larly avoided ; but as the aft of fermentation produces a 
confiderable heat, the liquor within the veffel being feveral 
degrees warmer than the furrounding air, large mailes are of 
courfe lefs affefted by the external cold, and will ferment at 
a lower temperature. 

The firft figns of fermentation are, a gentle inteftine mo- 
tion, the rifing of fmall bubbles to the top of the liquor, 
and a whitifh turbid appearance. This is loon followed by 
the colleftion of a froth, or head, confiding of a multitude 
of air-bubbles entangled in the liquor, which, as the procefs 
advances, rife {lowly to a confiderable height, forming * 
white denfe permanent froth. A very large portion of the 
gas alfo efcapes, which has a ftrong, penetrating, agreeable, 
vinous odour. The temperature of the liquor at the fame 
time increafes to feveral degrees above that of the external 
air, and continues fo during the whole of the procefs. 
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Sooner or later thefe appearances gradually fubfide > the 
head of the foam fettles into a denfe froth, and on turning it 
afidei the liquor beneath appears much clearer and nearly 
at reft, having depofited a copious fediment, and from being 
vifcid and faccharine is now become vinous, intoxicating, 
thinner, and of lefs fpecific gravity. 

The procefs of fermentation, however, does not termi- 
nate fuddenly, but goes off very gradually, the liquor con- 
tinuing to work or throw up foam, to clarify, to attenuate, 
and more completely to lofe its fugar, which at la ft can no 
longer be difcemed by the talle, oi* dete£ted by chemical 
analyfis. The vinous liquor, when complete, if of fufficient 
flrength and well fermented, w ill now keep for a great length 
of time in veffels fecured from the air, and undergoes com- 
paratively little farther alteration, except in becoming more 
perfe&ly limpid by the depofition of an additional quantity 
of fediment* 

The gas of fermenting liquors has been long known to 
confift for the mod part of carbonic acid; it will, therefore, 
extinguifti a candle, deftroy animal life, convert caultic al- 
kalies into alkaline carbonats, and the like. But, befide 
the carbonic acid, it ha9 been proved by Schecle to hold 
in folution a fenfible quantity of alcohol, and Prouft has 
detefted in it a portion of azot. Mr. Collier (Munched. 
Tranf. ) has further (hewn that in this gas arc contained all 
the requifites for vinous fomentation. He puffed the whole 
of the gas from a ninety gallon fermenting tun into a cafk 
of water, and divided the liquor thus impregnated into 
three parts, of which one being immediately diftilled, af- 
forded a fmall quantity of alcohol ; to the fecund was 
added fome yeaft, by which a new fermentation was excited, 
and the fubfequent produtt of diftilled fpirit was nearly 
doubled, and the third being fuffered to ferment a longer 
time, produced fome vinegar. 

The attenuation of liquors, or the diminution of their fpe- 
cific gravity by fermentation, is very (h iking. This is (hewn 
by the hydrometer, which fwims much dec per in fermented 
liquor than in the fame materials before fermentation* 
Much of this attenuation is, doubtlefs, owing to the de- 
ftru&ion of the fugar, which, diflblved in water, adds to its 
denfity, and to the confequent production of alcohol, which, 
on the contrary, by mixture with water, dirninifhes the 
denfity of the compound. The extract, or mucilage, lift) 
appears to be in lome degree deftroyed by fermentation, 
for the gelatinous con fiftence of thick liquors is much lcffcn- 
ed by this procefs : the deftru&ion of this principle, how- 
ever, is by no means fo complete as of the fugar, many of the 
full-bodied ales, for example, retaining much of their origi- 
nal clamminefs and gelatinous denlity even after having un- 
dergone a very perfeft fermentation. 

It has been doubted whether the alcohol of vinous liquors 
cxifts in them ready formed, or in fome intermediate (late, 
requiring the boiling heat of diftillation for its complete dc- 
velopement. It is not cafy to fix upon an unexceptionable 
mode of deciding this queftion. It has been argued by 
Fabbroni, iu favour of alcohol being a produft, and not 
an edu& from wine, that wine cannot be again formed by ad- 
ding the diftilled alcohol to the refidue left behind in the 
retort : he alfo affirms, that if a fmall portion of alcohol is 
added to wine, it may be feparated again almoft entirely by 
carbonat of pota(h, out that this fait will not feparate any 
alcohol from wine in its natural (late. This iaft fa£fc, how- 
ever, only (hews that the union of the alcoholic with the 
other parts of the wine, is too ftrong to lie broken by Am- 
ple affinity, without the aififtance of heat ; and, as to the 
former, it is highly probable that the boiling heat operates 
fome change on the other conftituenta of wine, the effect of 


which cannot be done away by the mere return of the fpirit 
that has been driven off. Thin opinion, therefore, though 
by no means improbable, requires further confirmation. 

The produ&ion of alcohol Teems to be one of the laft 
effects, or the completion of the procefs of fermentation ; 
for if the liquor is diftilled while yet in a ftate of high fer- 
mentation, it will not yield a drop of alcohol. 

The atmofpheric air feema to have no (hare whatever in 
vinous fermentation, for it will take place full as well in- 
clofed as in open veffels, provided fpace is allowed for the 
great expanfion of the materials, and the copious produ&iun 
of gas. Indeed Mr. Collier found, by direft experiment, 
that more fpirit is procured by clofe than by open feitncnta- 
tion. In three feparate experiments, in each of which an 
equal quantity of wort and yeaft were fermented, under cir- 
cumllances prccifely fimilar, with the Angle exception, that 
in one the veffel was open, and in the other clofed, (the gas 
having no exit but through a tube dipping in water,) he 
found, on diftilling each fermented liquor, and drawing off 
the fame bulk of fpirit from each, that that from the clofe 
veffel was conftanlly of lefs fpecific gravity, and, therefore, 
richer in alcohol than the other. Where the fpirit from 
the open veffel was 74 degrees below proof, that from the 
clofe veffel was 56 degrees; where the former was 83, t.he 
latter was 65 5 and where it was 103, the other was 93. 

The theory of vinous fermentation is (till involved in great 
difficulty, on account of the very compound nature of the 
fubftances employed, and their great tendency to decompo- 
fition in various ways and proportions. 

The refults of Lavoifier's experiments fhould not pafs un- 
noticed, though it is obvious that much too great (implicit y 
is attempted in the explanation of a procefs which every cir- 
cumftance (hews to be very complicated. The Ample point 
to which the expci iinents of this able inquirer tend, is (letting 
afide all other agents) to explain how fugar becomes con- 
verted into carbonic acid and alcohol, which, after all, is the 
chara&eriftic phenomenon of vinous fermentation. 

The entire products of fugar, yeaft, and water, fermented 
in clofe veffels, are ftated to be carbonic acid, alcohol, and 
water, together with a fmall portion of acetous acid, and 
from the le fa£ls the following theory is deduced. Sugar 
is compofed of eight parts hydrogen, 64 oxygen, and 
28 carbon, and the procefs of fermentation effects a change 
merely in the arrangement of the conftitucnt parts of the 
fugar, converting one portion into carbonic acid, and the 
other into alcohol ; and hence (as carbonic acid contains 
only carbon, with a large proportion of oxygen) the portion 
which is left mult contain all the hydrogen, part of the car- 
bon, and a very fmall proportion of oxygen ; or, in other 
words, by this new arrangement of the ingredients of the 
fugar, one portion, namely, the carbonic acid, is totally de- 
prived of hydrogen, and overloaded with oxygen, while 
the other portion, namely, the alcohol, abounds in hydro- 
gen, and is deficient in oxygen 5 the carbon being divided 
between the new products in nearly au equal proportion 
with regard to their refpe&ive quantities. 

No theory more plaufible than the above has, perhaps, 
hitherto been offered to the general phenomenon of vinous 
fermentation, thougli it is very defe&ive in many effential 
parts, and even does not correfpond with the alleged com* 
pofition of alcohol, given by the fame chemift in another part 
of his enquiries. 

The gieat queftion remaining for future enquirers to de- 
termine is, what the fubftance or tircumftance is, which 
difpofes fufjar to ferment ; for it has been proved that fugar 
will not of ltfelf begin this fpontaoeous change iuto carbonat 
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acid and alcohol ; though, when once begun, the process 
will probably go on without further affiftance. 

It has been already mentioned, that both extractive mat* 
ter and an acid are prefent in every known inftance of vi- 
nous fermentation ; and, for any thing that appears to the 
contrary, both of them are ncceffary, though the requifite 
quantity of each is very fmall compared to the fugar s there- 
fore the ftrength or body of the fermented liquor is in di- 
red proportion to the quantity of fugar alone, and there is 
good reafon to fuppofe that the extractive matter and the 
acid are only acceiTary ingredients, though ftill effential, as 
being thofe without which the vinous decompofition of fugar 
cannot be effected* 

It has been fuppofed that it is the vegeto-animal extraCt, 
as it has been called, which exifts in the fermentable juices 
of vegetables, that caufesthe firft change in the fugar. The 
p recite nature of this vegeto* animal matter is not very well 
Known : it may be fuppofed to be fimilar to the gluten of 
wheat, but intimately combined with the faccharme muci- 
lage, and hence extremely fufceptible of fpontaneous 
change. The chief, if not the only, proof of its exiftence 
in many of thefe combinations, is the produ&ion of a quan- 
tity of ammonia during its decompofition by heat, which 
alkali is almoft always formed by the aftion of fire, and 
indicates in the fubftance which yields it the prefence of 
azot. 

Some of the commoneft fermenting ingredients, as the 
fweet infufion of malt, technically called wost, it is well 
known, will hardly enter into fermentation without the ad- 
dition of yeajl ; and hence chcmifts have fought in this fub- 
ftance for the principle which gives the firit impulfe to the 
fermentation of fugar. 

The analyfis of yeaft prefents a vaft variety of ingredi- 
euts, the chief of which are the carbonic, acetic, and malic 
acids, mucilage, fugar, and gluten. Of thefe the latter is 
in the larged proportion, which would feem to give much 
weight to the opinion of the great fhare which tne azotic 
ingredient has in inducing fermentation. 

Yet Mr. Henry found by a feries of very interefting ex- 
periments, that malt infufion might be made to enter into 
compleat fermentation by impregnating it with carbonic 
acid prepared from chalk and lulpnuric acid, and the liquor 
thus fermented gave a yeaft which made perfeft bread, 
gave alcohol by diftillation, and vinegar by further keeping. 
The wort itfelf undoubtedly Contained all the ingredients 
of yeaft, fince this fubftance was produced during the fer- 
mentation, but the experiment is decifive to prove that no 
addition of azotic extraft is required to begin fermentation 
in materials naturally fermentable, though, when once begun, 
the yeaft, as faft as it was produced, muft have aflifted in the 
fermentation then going on. The evidence for the necefiity 
of an acid to begin fermentation is therefore more decifive, 
but it is ftill doobtful whether any particular one is re- 
quired, or whether there are not feveral which will anfwer 
the purpofe. In Mr. Henry’s experiments the acid em- 
ployed was the carbonic, and, from the arrangement of the 
apparatus, probably a fmall portion of fulpnuric was alfo 
carried in along with it- But in grape juice there is no. 
proof of the exiftence of carbonic acid ready formed, 
though the tartaric, malic, and other vegetable acids con- 
tain within themfelves the ingredients of carbonic acid, and 
•re chiefiy and ultimately letolvable into this acid. Yeaft 
will even induce fermentation after it is pfeffed and dried 
into folid cakes, fa pra&ice not uncommon, as it will keep 
for a great length of time in this farm,) but after this 
operation it can hardly contain any carbonic acid ready 
formed, though with abundant tendency to produce it by 


the firft mutual aftion of its conftituent parts, Many its* 
terefting enquiries therefore remain to be carried on before 
we can nave a full and fatisfaftory theory of the important 
procefs of vinous fermentation*. 

Fermentation, Acetous . See Acetous Acid% and 
Vinegar. 

Fermentation, Putrid . See Putrefaction. 

Fermentation, Bituminous , in Geology , denotes aparti* 
cular change, which, according to the opinion of Mr. James 
Parkinfon, (Organic Remains, vol. i. p. 184.) “ is pecu- 
liar to vegetable matter placed in fuch fituations, as not only 
exclude the external air, and fecure the prefence of moiU 
ture, but prevent the efcape of the more volatile principles, 
and which terminates in the formation of thofe fubftance* 
called bitumens.” This author, after giving a coocife, but 
luminous account of the foccharine 9 the vinous 9 the acetic 9 
and the putrid fermentation, to which moil vegetable fub- 
flances are progreffively liable, by the modified admiflion of 
atmofpheric air, thus proceeds : 44 But if, inftead of being 
thus expofed to the influence of the air, a mafs of dead ve- 
getable matter be accumulated in fuch fituations as allow 
of the admiflion of water, but in which the compaftnefs 
of the fuperincumbent ftratum of earth, not only excludes 
the external air, but the difengaged gafeous matters 
are prevented from eicaping, the bituminous fermentation 
takes place, and bituminous matters are formed in various 
degrees of maturity and purenefs, according to the flage 
at which the procefs may have arrived, or the extraneous 
matters which may have been admitted.” Our author, 
however, admits, that a complete hiflory of all the pheno- 
mena which occur during the whole of the operation can- 
not poflibly be expedted to be made out, but the proofs of 
its exiftence muft be obtained by inference, and from analogy 
on comparing it with the other fpecit s of fermentation \ 
and he thus continues : 44 the fubftance, then, which I con- 
ceive to be entirely dependent on, and actually the produft 
of, this procefs, is bitumen ; a fubftance which manifeils, 
upon examination, all thofe properties which might, a 
priori , be expe&ed to be found in a body conftituted un- 
der the particular circumftances which I have prefumed to 
have dire died its formation. 

•♦In the firft ftage of the vinous fermentation, we per- 
ceive that a confiderable portion of the more volatile parts 
of the mixture is diflipated, and that it is only by the care- 
ful prefervation of the remainder that the accomplilhment 
of this procefs is effefted. In the acetous fermentation 
this efcape of the volatile parts is continued through the 
whole of the procefs, and occafions the great difference 
which exifts between the two produ&s. In the firft of 
thefe fpecics of fermentation, carbon, that principle which 
always feems to affeft that mode of combuftion, obfervable 
in ignited charcoal, where flame is not prefent, is, we have 
remarked, diflipated in very large quantities, by which its 
dofe in the mixture muft be confidently diminifhed ; whilft, 
fhould hydrogen even be fuppofed to efcape in a fimilar 
proportion, ftill, from the decompofition of the water, fufr 
ficient of this principle (which I will call the principle of in- 
flammability) will be yielded, to give the fpirituous and 
very inflammable produft which we find to be the refult of 
this procefs. In the latter of thefe fpecies of fermentations, 
in which the diffipatson of the volatile matters is carried to 
the utmoft extent which the degree of temperature will ad- 
mit, the mixture feems to he deprived of almoft the whole 
of its hydrogen $ except, perhaps, juft fo much as is left in 
combination with the colouring principle, and the water* 
whilft the oxygen is attrafted, nearly in the fame propor* 
tien, by the carbon from the atmofphere, and from toe very 
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ton ((durable dofe of this acidifying principle} and, from 
fome peculiar modification of their union t the product, vi- 
negar , refults, poffeffing a high degree of acidity, but not 
the leaft degree of inflammability. 

“ We will now examine the changes which may be ex- 
pe&ed to refult from the decompofition of vegetable mat- 
ters placed in fubterranean fituatians, and confidering thefe, 
with the properties which are poffeffed by the fuppofed 
product of the bituminous fermentation, we (hall be enabled, 
efpecially by recollc&ing what has been juft faid of the 
other fpecies of fermentation, to determine whether it 
is right to admit of the cxiitence of fuch a fpecies of fer- 
mentation or not. 

M Secured on every fide by the furrounding earth, 
the mafs of vegetable matter is preferved, at it were, in a 
well-clofed veifel ; hardly any efcape being permitted to any 
of its more volatile particles, nor any admiftion of extrane- 
ous matters allowed, except of fuch as are introduced with 
the water which may infinuate itfelf by foaking through the 
intcrftices of the earthy particles, compofmg the feveral ftrata 
which inclofe it. 

“ It is decreed, that a ftrong difpofition to feparate, and 
to unite in another order, (hall fecure the neceffary decom- 
pofition of dead organized matter, which, according to the 
economy of nature, is but to poffefs a (hort and traufient 
cohefion. Agreeable to this law, this mafs of vegetable 
matter, now deprived of the energy of vegetable life, muft 
undergo fome change ; but from the clofencfs of it? pre- 
fervation, it cannot admit that efcape of the gafeous mat- 
ters on which the commencement of the vinous, acetous, or 
putrid fermentations depend : another procefs is therefore 
inftituted. The hydrogen, carbon, and oxygen are difen- 
gaged from their former attachments, but being prevented 
from flying off in a gafeous ftate, are obliged again to 
unite, and to enter into new combinations. 

“ Under thefe particular circumftances a fubftance may 
be expeded to be formed, containing a confiderable portion 
of thefe principles fo abundant in vegetable matter. In this 
refped, there undoubtedly may be difeovered a remarkable 
agreement between the fuppofed produ& ®f this fermenta- 
tion, and the hypothefis by which its formation is attenwpted 
to be explained ; fitice, in all bituminous fubftances the abun- 
dant exiftence of thefe three principles has been fufRciently 
proved by analyfis. 

“ In this, as in every other fpecies of fermentation, a confi- 
derable difference may cxift, as to the degree of perfc&ion 
.to which the procefs may proceed, and of courfe, as to the 
degree of perfe&ion which the produdf may poffefs. 

“ Thus I expe& to fhew, that, according to length of 
time, exclufion from the air, and the exiftence of other favou- 
rable circumftanccs, will thefe bituminous fubftances be 
found in their feveral approaches to that ftate, to which 
the law of nature feems to have particularly deftined them. 

« Peat, that combuftiblc and inflammable fubftance, 
generally found in confiderable mafles at a little depth be- 
neath the furface of the earth, poffeffiug chemical properties 
eflentially different from every other fubftance which has 
not derived its exiftence from the fame origin, appears to be 
the firft product of this kind of fermentation, and to have 
been formed in fitnations not favourable to the rapid com- 
pletion of this procefs. The celerity with which this pro- 
cefs is accompli (bed muft depend on the clofenefs with 
which the gafeous principles are fecured $ but it fhould be 
confidered, that fuch peat bogs as are, comparatively, but 
of modern formation, are covered by a coat of vegetable 
mould, in an humid ftate, of no .confiderable degree of 
thickneis, and therefore the efcape of the more volatile 


principles, and the admiftion of atraofphcric air, are only 
partially prevented 5 the procefs muft therefore be carried on 
with much lefs effeft, than in thofe cafes which will be here- 
after mentioned, wliere vaft mafles of vegetable matters have 
been fuddenly buried under a confiderable thicknefsof earthy 
depofition. 

u The abundance of hydrogen, carbon, and oxygen, in 
peat, is demonftrated by its analyfis. By the early ana- 
lyfis of Schoockiu8 we learn, that it yields an oil much rev 
fembling the oil of amber, with an acid liquor. Monl. 
Fourcroy relates, that, on expofing peat to the a&ion of 
heat in a diftillatoiy apparatus, a yellow or rcddifti foetid 
water iB obtained, an oil of a mod dffagreeable odour, with 
carbonate of ammonia, and caibonated hydrogen gas, alfo 
fmclling moft difagreeably ; a coal being left, which is fre- 
quently pyrophoric, and which yields, after incineration, 
muriate and fulphate of foda and of pot-afh, mixed with 
the phofphate and fulphate of lime, and with the ox yds of 
iron and of manganefe. 

4t The prevalence of hydrogen in this fubftance. k fully 
difplayed by the foregoing analyfis, fmee not only enough 
exiiU for the formation of this peculiar oil, but a confider- 
able quantity of this principle is alfo difengaged in a gafeous 
form ; the agreement, therefore, between this fubftance, and 
what might, a priori , have been fuppofed, would be the pro- 
dud of a vegetable matter placed under thefe particular 
circumftance?, appears to be evident. The original mode 
of exiftence which belonged to this fubftance is fuf- 
ficiently marked by the great quantities of vegetable fub- 
ftanccs which arc found in it, which have not fuffered fuch 
an alteration, as to hinder the immediately tracing them to 
their true origin. That this fubftance has been fubjeded to 
the influence of the two circum (lances, which feem effential 
to this peculiar fermentation, the prefence of moifture and 
fubterranean fituation, muft appear £0 plain from the ftate in 
which the peat moffes are found, that, on this point, not a 
word need be added. Peat, therefore, I prefume, we may 
regard as a vegetable fecondary foflil ; having been formed 
from vegetable matter, changed in its nature and properties 
by a eertain fermentation, which had been carried on in the 
mineral regions.” 

The further profecution of this theory by our author* 
in order to account for the formation of amber, aiul jet, Sc c. 
are too long for our purpofe, but are well worthy the 
perufal of thofe who wi(h to become acquainted fully witfr 
this fubjeft. 

FERMENTATION, Vinous, in Chemtjlry. The re- 
cent observations of chemifts enable us to ftate with greater 
precifion the changes which fugar undergoes during its con- 
verfion into alcohol, than could be done when this article 
was written for the Cyclopaedia. 

Sugar is compofed, according to Dr. Prout’s analyfis, of 
Hydrogen - - 6.66 

Carbon ... 40.00 
Oxygen - - - 53.33 


=5 IOO. 

which correfpond with i atom of each element. 

Alcohol, according to Dr. Thomfon, is a compound of 


about 

Hydrogen 

- 13-04 


Carbon - 

- - 5 *.i 6 


Oxygen 

- 34.80 



IOO. 
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which correfpond with 3 atoms of hydrogen, 2 atoms of 
carbon, and 1 atom of oxygen ; and carbonic acid gas is 
compofed of 

Carbon - - - 27.27 

Oxygen - 72.72 

100. 

or of 1 atom of carbon and 2 atoms of oxygen. 

Hence, if we fuppofe (for the fake of round numbers) 
3 atoms of fugar to be decompofed during the procefs of 

fermentation, they will be converted into 1 atom of alcohol 
and 1 atom of carbonic acid ; for 

Hydrogen. Carbon, Oxygen. 

i atom alcohol confifts of 3 atoms + 2 atoms + 1 atom 
i atom carbonic acid gas of 1 atom + 2 atoms 

which make together +3 +3 

or three atoms of fugar. 

Nowthis determination very nearly coincides with the aftual 
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experiments of Lavoifier, and the more recent determination 
of Thenard, refpefting the proportional quantities of thefe 
two produ&s obtained by the fermentation of fugar. Thus 
100 parts of fugar (as deduced by Dr.Thomfon from Thc- 
nard’s experiments) were converted into 

Alcohol - - - 57.44 

Carbonic acid - - 42.56 


100; 

Whereas the proportions, according to the above calcula- 
tions, ought to have been 

Alcohol - - - 51.12 

Carbonic acid - - 48.88 

100. 

A coincidence as near as could have been expe&ed, confi- 
dering the very difficult nature of the experiment. 

With refpedt to the modus operandi of ferments, we have 
nothing to add, but that the fubjeft ftill remains a myftery. 
See Wine, and Yeast. 




FILE, an inftrument ufed for reducing, and for giving 
fhape and fmoothnefs to a number of articles made of wood 
or metal. 

It is divided into two varieties from the form of their teeth, 
namely, files and rafps. The former arc cut upon the furface 
with a (harp-edged chiffel. In the latter, the tooth is railed 
with a triangular punch. The file is adapted for working 
metals, but the rafp is more fitted for wood, bone and horn. 
Files again are diftinguilhed by being Tingle or double cut. 
The fingle cut file is (imply cut once over, and is employed 
for filing brafs, and the fofter metals. A fecond courfe 
of teeth is cut to form the double cut file, eroding the firft 
diagonally. This kind is beft fuited to iron and fteel. 

Files are alfo called by different names, from the various 
degrees of finenefs of their teeth, as fmooth, fecond cut, 
baftard cut, and rough files. 

And agaio, from their (hape, they are called flat, half- 
round, fquare, three fquare, round, and fome having two 
round Tides. 

The Heel employed for files requires to be very hard, and 
in confequence undergoes a longer procefs in the conversion : 
it is faid to be double converted. 

The very heavy files, fuch as fmiths* rubbers, are made 
of the inferior marks of bliftered fteel : the more delicate 
kind, fuch as watch makers* files, being made of caft fteel. 
•The fteel is previoufly drawn at the tilt, into rods of fuit- 
oble fr/.e. 

Forging of Files . — The flat and the fquare files are made 
wholly with the hammer, and the plain anvil. Two work- 
men, one called the maker, and the other ftriker, are re- 
quired in the forging of heavy files ; the fmaller being foiged 
by one perfon only. 

The anvil is provided with a gate, or groove, for the recep- 
tion of certain boffes, or dies, which are ufed for the purpofe of 
forging the half-round and three-angled files. The half-round 
bois contains a hollow which is'the fegment of a fphere, much 
lefs than half a circle. That ufed for the triangular files has a 
gate or hollow, confiding of two fides, terminating in an 
'angle at the bottom. 

In forging the half-round file, the fteel U firft drawn out, 
as if intended to make a flat file. It is then laid in the bofs, 
and hammered, till the underfide becomes round. The fteel 
for the triangular file is tilted into fquare rods. The part 
to form the file is firft drawn out with the hammer, as if 
intended to form a fquare file. It is then placed in the bofs 
with one of the Iflglei downwards, and by ftriking upon 
the ogpelite angle, two fides of the fquare are formed into 
ojfie, and confequently a three-fided figure produced. By 
fuccefilvely prefenting the different fides to the a&ion of the 
hammer, the figure is rendered ftill more compleat. 

In forming the tangs of moft files, it is neceffaiy to make 
the ihoulders perfe&ly fquare and (harp. This is perform- 
ed by cutting into the fife a little on each fide with a (harp 
fate or aggron, and afterwards drawing out the part (e 
marked off, to form the tang. 


After foiging, and previous to being ground and cut, 
the files require to be annealed. This procefs is generally 
performed by piling up a great quantity together, in a fur- 
nace for the purpole, and heating them red hot ; fuffering 
them afterwards to cool flowly. This method of annealing 
files, or indeed any other articles, in which great hardnela 
is requifite, is very obje&ionable, fince the furface of fteel, 
when heated red hot in the open air, is fo liable to oxyda* 
tion. Two evils refult from this circumftance, befidea the 
lofs by wafte. Firft, the fcaly oxyd is very hard, and dif- 
ficult to remove ; and fecondly the fteel, particularly on the 
furface, is deprived of a portion of its carbon, and there- 
by rendered lefs fufceptibfe of hardening. 

A fuperior method of annealing is pra&ifed by fome file 
makers, and fince hardnefs in a file is fo effential a proper- 
ty, the procefs ought to be generally adopted. 

This method confifts in placing the files in an oven or 
trough, having a dofe cover, and filling up the interfaces 
with land. The fixe is made to play on every fide of this 
veffel, as gradually, and as uniformly as pomble, till the 
whole mafs becomes heated red hot. The fire is then dif- 
continued, and the whole fuffered to cool, before the cover 
is removed from the trough. Another evil may however 
arife from keeping fteel red hot even in a clofe veffel, for 
too great a length of time. It affumes a kind of cryftalli- 
zation under which its tenacity is much impaired. Hence, 
it will be proper not to anneal too many at once, and not 
to heat them too hot. Steel, annealed in this way, is per-* 
fe&ly free from that fcaly furface acquired in the open air $ 
and if each corticle be perfeftly furrounded with the fand, 
and the cover not removed before the fteel is cold, the fur* 
face will appear of a filvery white colour. 

If the fteel be fufpefted to be too kind, from containing 
too little carbon, powdered charcoal may be employed in- 
ftead of fand, or fand mixed with charcoal. In this cafe 
the files (hould he ft rati tied alternately with the charcoal, in 
order that the extra-converfion maybe uniform. 

The next thing is to prepare the files for cutting, by 
making the furface, to contain the teeth, as level as poi- 
fible. This w as formerly effe&ed by means of files * and 
the procefs is called ftripfng. The lame is ftill pra&ifed by 
the Lancafhire file makers, and by others not having conve- 
nience for grinding. The greateft quantity of files, how- 
ever, are ground to prepare them for cutting. The ftonc 
employed for the purpofe is of the fandftone kind, the tex- 
ture of which is compact and (harp, but rather rough. They 
are of as great diameter as can be ufed with convenience ; 
and about eight inches broad over the face. When ufed, 
the furface is kept immerfed in water. The grinder fits in 
fuch a pofition as to lean over the (tone, while its motion it 
dire&ly from him. Its furface moves at about the fame 
fpeed with thofe ufed in grinding cutlery. Since the object 
in grinding files is to make the furface as even and flat as 
pomble, and as this cannot be done fo completely upon a 
Imall ftonei the (tones of the file-grinder are laid alide when 
they are reduced to a certain uze, and are employedfor 
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winding other articles. Though grinding it by far the 
woft expeditious method, it does not give that truth to the 
furface which can be effe&ed by filing. If the price of the 
articles would admit, however, it would be well to render the 
furface more even by the file after grinding. If the furface 
be not flat, it is obvious, that when the file is ufed for filing 
a large furface, thofe teeth in the hollow parts of the file 
will not be brought into a&ion. It is from attention to this 
circumllance, and to the care in annealing and hardening, 
that the Lancafhire file-makers have generally excelled. 
They are, however, confined chiefly to the fmall articles, 
fince the larger files would not pay for the procefs of 
ftriping. 

Cutting of Files . — If the vaft number of teeth contained 
in a file, and their requifite uniformity are confidered, a 
machine capable of effe&ing a bufinefs fo apparently mecha- 
nical, may be confidered a aefideratum. 

Though many attempts have been made to accomplifh 
this obje& by machinery, and feveral varieties of machines 
have been conftru&ed for the purpofe, no one has yet been 
fufficiently general in its application, to render the profe- 
cution of fuch an objeft very defireablc. Among thofe 
who have diftinguifhed themfelves in this enquiry, Mr. 
Nicholfon, the publiftier of the Plnlofophical Journal, we be- 
lieve, invented the moll; likely machine for file cutting, for 
which he took out a patent. We do not know, however, that 
either Mr. Nicholfon’s, or any other machine, is at prefent 
ufed for the purpofe. A tile, which is of the fame breadth and 
thicknefs throughout, ofany form, may be cut bythemachine, 
becaufe the fame magnitude of ftroke is required for every 
tooth ; but if the file be conical, it is obvious that a ma- 
chine, capable of giving all the varieties of ftrokes required 
in cutting even one fide of a file, would be too complicated 
to be of any great utility. Again, the chiffel employed for 
cutting a file is frequently liable to fnip, or be otherwise out 
of oroer. This the workman, in the common way of cut- 
ting, can eafily feel, and immediately ftops to repair it. A 
very great evil would arife from this fource, in cutting with 
the machine ; and this evil would be greater in proportion to 
the number of cliiflels which one perfon had to overlook. It 
has alfo been faid, but we cannot affirm thefaft, that the teeth 
raifed by machinery are not fo full and (harp as thofe formed 
by hand. Till the above inconveniences can be obviated, 
in all probability the common method will be continued ; the 
different apparatus and mode of performance of which we 
will endeavour to deferibe. 

The tools of the file-cutter confift of am anvil placed 
upon a block of fuch a height, that the man fits to his 
work. He has alfo a piece of lead, or lead alloyed with tin, 
on which he lays the files when one fide is cut. The chiffel 
and hammer are of fuch fize, as the fize and cut of the file 
require. He is alio provided with a leather (trap, which 
goes over each end of the file, and paffes round his feet, 
which are introduced into theftrap on each fide, in the fame 
manner as ftirrups are ufcd. The file-cutter, therefore, fits 
as if he were, on horfeback, holding his chiffel with one 
band, his hammer in the other, at the fame time he fecures 
the file in its place by the preffure of his feet in the ftir- 
rups. A, /if. I. (Plate XIII. MifcellanyJ) is the block 5 B, 
the anvil ; a i, the file, laid upon the piece of lead ; C, C, the 
fthmipspaffing over the ends of the file ; D, the feat on which 
the workman fits. Fig. a. is the form of one of the chiffels for 
cutting the files. Fig. 3. reprefents the chiflel or punch for 
ratting the tooth of the rafp. Fig* 4* the hammer ufed to 
ftrike the head of the chiffel TWc people have found by 
experience that there is an advantage in having the head of 
the hammer hooked inwards. This is eafily accounted for. 
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when we obferve that the ftroke will be made pretty near 
the centre of percuffion. Great pains ought to be taken in 
preparing the edge of the chiffel. It is, in the firft place, 
hardened and tempered by beating it gradually till it appears 
of a yellowifh brown. It is next ground very true to form 
the edge, which is afterwards finiflied upon a Turkey (tone, 
with oil. It is not required to be very (harp, the bottom 
of the tooth requiring to be rather open, to prevent the file 
from clogging with tne fub (lance to be filed. The edge is 
alfo required to be very fmooth, in order that it may flip 
eafily upon the furface of the files : this is alfo facilitated 
by (lightly greafing the furface. From this advantage, the 
worker, after making one tooth, is enabled, by feeling only, 
to form, at its proper diftance, the fucceeding tooth, by 
Hiding the chiffel clofe up againft the back of the preced- 
ing one. All thefe motions are performed with aftonifhing 
rapidity, firft the chiffel and then the hammer. Weobfcrved a 
boy, in cutting three-fided files of five inches long, baf- 
tard cut, make 22 c ftrokes, which produced as many teeth, 
in one minute. And the whole file being double-cuc, con- 
tained 1350 teeth, or fix times the above quantity. The 
fecond cut file, of the fame fize, contains 2025 teeth, and the 
fmooth file 2700, confequently, the difference in labour be- 
tween the baftard-cut and the fmooth files is about as two 
to one, Larger files, from the greater furface, require a 
much greater ftroke to raife the tooth, aud coufequently 
fewer ftrokes will be made in the fame time. 

In the double-cut files, the firft fet of teeth, which the 
workmen call up»cutting f are, previous to cutting the fecond 
courfe, filed (lightly upon the face, in order to allow the chif- 
fel to Hide freely. 

The fingle-cut file is more durable than the double-cut, 
and ought to be preferred for all purpofes, excepting for 
iron and Reel. 

The fame method is employed in cutting the rafp. The 
workman is however guided completely by his eye, in regu- 
lating the diftance of the teeth from each other. The rafp 
ought to be cut in fuch a manner that no one of the teeth 
may (land oppotite to another. This not only .tllows the 
rafp to cut fafter, but makes the furface, either of wood or 
other fubftance, much fmoother. 

Hardening of Files . — This is the laft and mod important 
part of file- making. Whatever may be the quality of the 
Reel, or however excellent the workmanfhip, if it is not 
well hardened, all the labour is loft. 

Three things are ftriftly to be obferved in hardening 5 
firft, to prepare the file on the furface, fo as to prevent it 
from being oxy dated by the atmofphere, when the file is 
red hot, which effeft would not only take off the (harpnefs.of 
the tooth, but render theVhole furface fo rough, that the file 
would, in a little time, become clogged with the fubftance 
it had to work. Secondly, the heat ought to be very uni- 
formly red throughout, and the water in which it is 
quenched fre(h and cold, for the purpofe of giving it the 
proper degree of hardnefs. Laftly, the manner of immer- 
fion is of great importance, to prevent the files from warping, 
which in Tong thin files is very difficult. 

The firft object is accompliftied by laying a fubftance upon 
the kxrface, which, when it fufes, forms as it were a 
vamifh upon the furface, defending the metal from the aftion 
of the oxygen of the air. Formerly, the procefs confifted 
in firft coating the furface of the file with ale grounds, and 
then covering it over with pulverized common fait, (mu- 
riat*f foda.) After this coating became dry, the files ore 
heated red hot, and hardened; after this, the furface is lightly 
bruflied over with the dull of cokes, when it appears white 
and metallic, as if it had not been heated. This procefs has 
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lately been improved, at leaft fo far ai relates to the econo* 
my of the fait, which, from the quantity iifed, and them* 
■create of duty, had become a ferious objeft. Thofc who 
ufc the improved method are now confuming about one- 
fourth the quantity of fait ufed in the old method. The 
procefs confifts in diffolving the fait in water to faturation, 
which is about tjiree pounds to the gallon, and ftiffening it 
with ale grounds, or with the cheapeft kind of four, fuch 
as that or beans, to about the confidence of thick cream. 
The files only require to be dipped into this fubllauce, and 
immediately heated and hardened. The grounds, or the 
flour are of no other ufe, than to give the mafs confidence, 
and by that means, allowing a larger quantity of fait to be 
'laid upon the furfacc. In this method, the fait forms immedi- 
ately a firm coating. As foot) as the water is evaporated) 
the whole of it becomes fufed upon the file. In the old me- 
thod the dry fait was fo loofely attached to the file, that 
the greated part of it was rubbed off into the tire, and 
was fublimed up the chimney, without producing any 
effedt. 

The carbonaceous mattet of the ale-grounds is fuppofed 
to have fome effedt, in giving hardnefs to the file, by com. 
bining with the deel, and rendering it more highly carbo- 
nated. It will be found, however, upon experiment, that 
vegetable carbon docs not combine with iron, with fuffi- 
eient facility, to produce any effedt, in the fhort fpace of 
time a file is heatiug, for the purpofe of hardening. Some 
file makers are in the habit of ufing the coal of burnt 
leather, which doubtlefs produces fome effedt ; but the car- 
bon is generally fo ill prepared for the purpofe, and the 
time of its operation fo fhort, as to render the effedt very 
little. Animal carbon, when properly prepared and mix- 
ed, with the above hardening coinpofition, is capable of 
giving hardnefs to the furfacc even of an iron file. 

The carbonaceous matter may be readily obtained from 
any of the foft parts of animals, or from blood. For this 
purpofe, however, the refufe of (hoe-makers and curneri, 
is the mod convenient. After the volatile parts have been 
didilled over, from an iron dill, a bright fhining coal is left 
behind, which, when reduced to powder, is fit to mix with 
the fait. Let about equal parts, by bulk, of this powder, 
and muriat of foda, be mixed together, and brought to the 
confidence of cream, by the addition of water. Or mix 
the powdered carbon with a faturated folution of the nit, 
till it become of the above confidence. Files which are in- 
tended to be very hard, Ihould be covered with this compo* 
fition, previous to hardening. All files intended to file iron 
or fteel, particularly faw files, ihould be hardened with this 
tompofition in preference to that with the flour or 
grounds. Indeed, we are of opinion, that the carbonaceous 
powder might be ufed, altogether, in point of economy, 
fince the ammonia or hartflidrn, obtained by dillillation, 
would be of fuch value as to render the. coal of no expence. 
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By means of this method the files made of iron, which in 
itlelf is infufceptible of hardening, acquires a fuperficial 
hardnefs, fufficient for any file whatever. Such files may 
at the fame time be bent into any form, and, in confe- 
quence, are particularly ufeful for lculptohl and die finkers. 

The next point to be confidered is the bed method of 
heating the file for hardening. For this purpofe a fire, 
fimilartothe common fmiths* nre, is generally employed. 
The file is held in a pair of tongs, by the tang, ana intro- 
duced into the fire, confiding of very fmall cokes ; pufh- 
ing it more or left into the l.re for the purpofe of heating 
it regularly. It mult frequently be withdrawn for the 
purpofe of obferving, that it is not too hot in any part. 
When it is uniformly heated, from the' tang to the point, 
of a cherry , red colour, it is fit to quench in thewatefc 
At prefent an oven, formed of fire bricks, is ufed for the 
larger files, into which the blad of the bellows is diredted, 
being open at one end, for the purpofe of introducing the 
files and the fuel. Near to the top of the oven are 
placed two crofs bars, on which a few files are placed, to 
be partially heating. In the hardening of heavy files, this 
contrivance affords a confulcrable faving, in point of time, 
in addition to which they are more uniformly and tho- 
roughly heated. 

After the file is properly heated for the purpofe of hard- 
■ening, in order to produce the greated pofiible hardneJs, it 
Ihould be cooled as loon as pofiible. The moft common 
•method of effefting this is by quenching it in the coldeft 
.water. Some file makers have been in the habit of putting 
different fubftances in their water, with a view to lncreafe 
its hardening properly. The addition of thefulphuric acid 
to the water was long held a great fecret in the hardening 
of faw files. After all, however, it will be found, that 
clear fpring water, fret from animal and vegetable matter, 
and as cold as pofiible, is the bell calculated for hardening 
files of every defeription. 

In quenching the tiles in water fome caution mull be ob- 
ferved. All tiles, except the half round, (hould be immerfed, 

H sndicularly, as (lowly as pofiible, fo that the upper part 
not cool. This management prevents the file from 
warping. The half round file mud be quenched in the fame 
deady manner, but at the fame time it is kept perpendicu- 
lar to the furfacc of the water, it mud be moved a little ho- 
rizontally, in the direction of the round fide, otherwise it 
will become crooked backwards. 

When the files are hardened, they are brulhed over with. 1 
water and powdered cokes, when the lurfacc becomes per- 
fedtly clean and metallic. They ought, alfo, to be walhed 
well, in two or three clean waters, for the purpofe of carry, 
ing off all the fait, which, if remaining, will be liable to ruff 
the file. In addition to this, they Ihould be dipped into 
lime water, and rapidly dried before the fire, after being, 
oiled, with olive oil, containing a little oil of turpentine, 
while dill warm, and they are deemed finilhed. 




FILING, in Mechanics , is the operation of ufing a file 
in cutting away and reducing various fubdanees into any re- 
quired form. The die is chiefly confined to the working 
of metal, though it is occafionally applied to wood, ivory, 
bone, ficc. The art of filing is an effential to every work- 
man in metal, and it requires great practice and (kill to per- 
form it well : the principal difficulty confifh in filing a 
truly plane and even furface to any piece of metal. To do 
this, the work mud be held firmly in a vice, fo that the fur- 
face to be tiled be truly horizontal ; the workman then files 
it over with a file, adapted in its cut, or fize of its teeth, 
to the magnitude of his work : in doing this, if it is large, 
he takes one end of the file in each hand, holding it firmly, 
as he moves it backwards and forwards, in a horizontal plane, 
taking care not to lean heavier upon one end of the file 
than the other. The file only cuts in going forwards 5 he 
mull therefore prefs harder upon it, that it may take hold 
of the metal : in drawing it back it is unnecefiary to lean on 
the file, becaufe it is not then adapted to ad ; it is ufual, 
in filing a piece of flat work, to begin at one fide, and every 
time the file is drawn back, to move it Tideways at the fame 
time about the breadth of the file : the next ftroke pro- 
ceeds ftraigbt forwards, as before, but in a frelh place, un- 
lefs feme fudden eminence is to be reduced j then two or 
more ftrokes fhould be made in one place, or the prefffire 
orrthe file increafcd till all is brought to a flat or even furface. 
Whenthe whole of the work has been done over in one di* 
region, it is then filed in the fame manner at right angles 
thereto, and afterwards diagonally, till it is finifhed, try- 
ing it occafionally by a ftraight edged ruler. Some work- 


men, by long praftice and experience, are able to make the 
work flat by filing in one dire&ion only, and without any 
trial ; fo that if two furfaces of metal thus filed are placed 
one upon the other, they will adhere together for an mftant 
if the upper one be fuddeuly lifted up. The height of the 
vice, in which the work is held, i6 a matter of feme import- 
ance in filing ; if the work is large, it fhould be about 
forty inches above the floor on which the workman (lands ; 
for lmall work it maybe higher, bccaufe the workman does 
not need to bear fo heavily on the work. In filing articles 
which are to be fitted [together, the workman makes ufe of 
beviles, guages, rulers, compaffes, &c. to mark out and try 
the work. Round pins, & c. are held in a handvice, and. 
fupported on a piece of wood while they are filed, and the 
workman turns them round while he files, in order that they 
may be truly round and have no angles. 

The file-makers in Laneafliire, for cutting the teeth of their 
fmall files, fometimes make ufe of a knife, jig, 5. Plate XIII. 
Mifccllany , which has a beviled edge ; the workman ufes it in 
the fame manner as the chiflel, except that no hammer is em- 
ployed. The fined files ufed by watch-makers have fometimes 
as many as 350 teeth per inch, which arc frequently cut by the 
knife; other watch-makers’ files are cut in the manner above 
deferibed, by the chiffel./r. 6, which is ftruck on the head 
by a fmall hammer. The Imalleft chiflels ufed are not a vaft 
deal larger than the figure, and the hammer, Jig. 7, is the 
full fize, though the handle in reality is fomewhat longer ; 
fome of very fine watchmakers' file* ate not larger than 
needles, and are called needle-files. 



Fire-engine 


Fire •engiriCf is a machine for exti.iguifhing accidental 
fires by means of a ilream or jet of water. The common 
fquirtiug fire-engine coniills of a lifii,.g pump placed in a 
cncular or cyliudric veil'd of water, and wrought by two 
levers that ad always together. During the ftroke, the 
quantity of water raibd by the pifton of the pump fpouts 
with force through a pipe joined to the pump-barrel, and 
made capable of any degiee of elevation by means of a 
yielding leather pipe, or by a ball and focket turning every 
way, [crewed on the top of the pump. The veffel Con- 
taining the water is covered with a ftrainer, which pre- 
vents the dirt and filth poured into it with the water from 
choaking the pump-work. Between the ftrokes of this 
engine the ftream is difeontinued for want of an air-veffel. 
However, in lome cafes, engines of this conftrudtion have 
their ufe, bccaufe the ftream, though interrupted, is much 
fmarter than when the engine is made to throw water in a 
continued ftream. The beft engine of this latter kind is 
that of Mr. Nowfham, formerly an engine-maker in Lon- 
don, A perfpeftive view of the whole engine, ready for 
working, is reprefented in Plate III. Hydraulics , &c. Jig. a* 


This engine cunfiils of a ciftern A B, about three times as 
long as it is broad, made of thick oaken planks, the joints 
of which are lined with fheet-copper, and eafily moveable 
by means of a pole and crofs bar C in the fore part of the 
engine, which is fo contrived as to Aide back under the 
cover of the ciftern, and on four folid wheels, two of which 
are feen at D and E. The hind axle-tree, tq which the 
wheel E and its oppoiite are fixed, are fattened a crofs under 
the bottom of the ciftern; but the fore ixle-trce, bearing 
the wheel D, &C. is put on a ftrong pin or bolt, ftrongly 
fattened in a horizontal iituation in the middle of the front 
of the bottom of the cittern, by which contrivance the two 
fore wheels and the axle tree have a circular motion round 
the bolt, fo that the engine may Hand as firm on rough or 
Hoping ground as if it was level. Upon the ground next 
to the hind part of the engine may be free a leathern pipe 
F, one end of which may be (crewed on and off upon oc- 
caiion to a brafs cock at the lower end of the ciftern : the 
other end is immet fed in the water, fupplied by a pond, 
fire-plug, &c* and the pipe becomes a fucking pipe for fur- 
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nlfliing the pump* of the engine by its working, without 
pouring water into the cittern. To the hind part of the 
ciftern is fattened a wooden trough G, with a copper grate 
for keeping out ftones, fa'id, and dirt, through which the 
cittern is fupplied w.th water when the fucking pipe cannot 
be ufed. The fore part of the cittern is alfo feparated from 
the rett of its cavity by nnotlier copper grate, through 
which water may be poured into the cittern. Thofe that 
work the pumps of this engine move the handles vifible at 
the long Tides, up and down, and are aflifted by others who 
ftand on two impended treddles, 1 browing their weight 
alternately on each of them, and keeping themfelves fteady 
by taking hold of two round horizontal rails, H, I, framed 
into four vertical Hands, which reach to the bottom of the 
cittern, and are well fee u red to its fides. Over the hind 
trough there is an iron handle or key K, ferving to open or 
ttuit a cock placed under it on the bottom of the cittern, 
the ufe of which we ttiall explain in the fequel of tiiis ar- 
ticle. L : s an inverted pyramidal bo* or -cafe which pre- 
ferves the pumps and air vcflels from damage, and alfo fup- 
ports a wooden frame M, on which (lands a man, who, by 
railing or deprefling, and turning about the fpout N, directs 
the llream of water as occaiion requires. This fpout is made 
of two pieces of brafs pip.*, each of which has an elbow ; 
the lower is ferewed over i lie upper end T (fee Jig, 5.) 
of the pipe that goes through the air-veffel, and the upper 
part ferews on to the lower by a ferew of fevcral threads, 
10 truly turned as to be water-tight in every (itifation. The 
conic form of the fpouting-pipe ferves for wire-di awing the 
water in its paffage through it, which occafions a fri&ion 
that produces fuch a velocity of the ict as to render it ca- 
pable of breaking windows, &c. whilft the valves and lea- 
thern £ipes of the engines have fuflicient water-way to fup- 
plv the jet in its greateft velocity. Leather pipes of con- 
fiderafcle length may be ferewed at one end of the nofel of 
the engine, and furnilhed at the other cud with a wooden 
or brafs pipe for guiding the water into the inner apart- 
ments of houfes, & c. Between the pyramidal box L, and 
the fore end of the engine, there is a ftrong won bar O, 
lying in an horizontal pofition over the middle of the cif- 
tern, and playing in Brafles ftipported by two wooden 
Hands ; one of which, P, is placed between the two fore- 
ftands of the upper rails, and the other is hid in the in- 
clofure over the hind part. Upon proper fquares of this 
bar are fitted, one near each end, two ftrong crofs bars, 
which take hold of the long wooden cylindrical handles, by 
means of which the engine is worked $ and the treddles by 
tvhich they are aflifted are fufpended at each end by chains 
in the form of a watch chain, and receive their motion 
jointly with the handles that are on the fame fide, by means 
of two circular fe&ors of iron faftened together, and fixed 
upon proper fquares of the middle horizontal bar 5 the two 
fore ones may be fecn at Q ; the two hind ones reprefented 
on a large fcale in Jig. 6. differ from the former only in 
thickneu; for the fore fe&ors are made to carry only one 
chain each, fattened by one end to their upper part, and 
by the lower end to the treddles ; whereas tne foie of the 
two hind feftors is wide enough to carry two chains each ; 
one fet fattened like thofe of the fore ones for the motion 
of the treddles ; and the other two chains are fattened by 
their lower ends to the lower part of thefe feflors, and by 
their upper ends to the top of the pitton bars, in order to 
give them motion. See jig* < 5 . in which the hind fe&ors 
and their apparatus are reprefented as they would appear to 
a perfon (landing between the two fore-wheels, and looking 
at the hind part of the engine. The fquare over the letter 
A is the feaion of the middle bar, on which, right over 


the two barrels, are placed the two feftors BC A and D E A, 
forged together. E G H K and fgh k are the two piftou 
rods ; and the openings between the letters G, H, ana g % h % 
are the fpaces through which -the hind parts of the two 
treddles pafs. L and M teprefeut two ftrong ftuda rivetted 
on the other fide of the bars on which they are placed $ 
and to each of thefe is faftened a chain like a watch-chain, 
fixed by their upper ends to the upper extremities D and 
B of the iron fe£!or$, by which they are drawn up and down 
alternately. Thefe fe&ors give alio an alternate motion up 
and down to the pifton-rods, by means of two other chains 
left white in the figure, in order to diftinguifh them from 
the others : thefe are fattened by their lower ends to the 
lower extremities of the fettors E and C, and their uppef 
ends terminating in a male ferew, are made tight to the pilton- 
roda at I and /, by two nuts. The fhape of the pifton- 
rods, and the iize and fituation of the chains that give 
them motion, are fo contrived, that the vertical axis of the 
p: fie ns is exadly in the middle of the breadth of the per- 
pendicular part of the chains, and the upper part of 
the pitton. rod taken together. PQ reprefents one of 
the two crofs bars through the ends of which pafs the 
long handles to which the men apply their hands when they 
work the engine ; thefe crofs bars are fitted on the middle 
bar at feme diftance from the fe£tors. 

The other paits of this ufeful engine may be underftood 
by the help of Jig, 5. which repreients a vertical fe&ioit 
taken through the middle line or the hind part of the en- 
gine, as alfo the fe&ion of the air-veffel, and that of one 
of the barrels, and like wife the profiles of the nind fec- 
tors, and of feveral other parts. A B is the fe6tion of 
the bottom of the ciftern, and C that of the hindmoft axle- 
tree. D E is the vertical fe&ion of a ftrong piece of call 
brafs or hard metal, fo worked as to have a hollow in it, 
reprefented by the white part, and fixed to the bottom 
of the ciftern : this reaches from the opening D through 
the cock W, and afterwards divides itfelf into two 
branches, fo as to open under the two barrels j one of 
thefe branches is exhibited in the figure, and the other 
is exa£lly behind this. Through this channel, which 
may be called the fucking-piece, water is conveyed to the 
pumps by the preffure of the atmofphere, either from 
the ciftern itfelf, or from any place at a diftance, by 
means of a leathern pipe F,^. 7, which ferews on to 
the fucking-piece at D,^. 5, under the hind trough Z, 
the grate of which is reprefented by the horizontal ftrokes. 
F G reprefents the vertical fedtion of another piece of 
caft brafs or hard metal that may be called the communi- 
cation-piece, having two hollows for conveying the water 
from under the two piftons to the two openings of the 
flanch of the air-veflel 5 one of thefe hollows appear* 
in the figure 5 the other lies exactly behind this, though not 
in a parallel diiedlion. Between the fedlion of the fuck- 
ing-piece D E, and that of the communication-piece F G, 
may be obferved the feftion of one of the plates of lea- 
ther, which makes all tight, and forms one of the two 
fucking valves, of which there is another juft behind thia 
under the other barrel. R S T is the feftion of the copper 
air-veffel, and T V that of the conduit-pipe $ this veffel is 
ferewed on to the hind part of the communication -piece, 
and at top is faftened by a collar of iron to a crofs piece of 
timber. Between the flanch of the mir-veffel and the, 
communication-piece may be obferved the feftiQji of one 
of the plates of leather, making all tight, and ferewing 
one of the two forcing valves, of which there is another juft 
behind this, exadly over the other opening of the com- 
muuication from the air-veffel. Thefe valves are loaded 
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with a lump of call iron or lead, having a tail or teat 
let through the flap of the valve and crofs-pinned under it ; 
and it is to be obferved, tnat though both the valves are 
represented open in the figure, they are never both open 
at the fame time 5 for when the engine is not at work 
they are clofed down by the weights on their upper fur- 
faces ; and when the engine works, two arc fhut, and 
the other two are open alternately by the motion of the 
piftons and the a&ion of the atrnofphere, together with 
the re-a£tio:i of tne air contained in the air-veffel. H I 
is the fe&ion of one of the barrels of the two pumps, 
which are both fucking and forcing, as is evident from 
the pofition of the valves and the ilru&urc of the pif- 
tons, e^ch of which is compofed of two iron plates, of two 
wooden trenchers, and of two fiat pieces of leather turn- 
ing one up and the other down. LK reprefents one of 
the pifton-rods edge-wife, behind which is one of the 
chains, the top ferew of which, K, can only be feen. M 
is the end of the middle bar, and N a feftion of the hind- 
moil of the two middle (lands which fupport the middle bar. 
O reprefents the end of the profile of one of the treddles, 
palling through the re&angular holes of the pifton-rods, as 
in fig, g. The weight on thefe treddles brings them and the 
pifton-rods down alternately, and they are raifed up again 
by help of the other fet of chains, one of which may be 
feen edge-wife in this figure, placed on the foie of one of the 
fetors, &c. See fig. 6 . 

P Q is part of the crofs bars which carry the handles 
feen edge-wife, and X Y reprefents an iron handle, by 
the help of which the cock W may be placed in the 
feveral fituationa requifitc for the ufe of the engine. The 
roechanifm of the cock W may be underftood by fig f. 
9, 10, and 1 1, which reprefent the horizontal fedion of it 
10 three different fituationa It has three holes that are 
left white in thefe figures. In fig. Q. the pofition of the 
cock is reprefented when the handle X Y or K is in a di- 
rection parallel to D E, or to the middle bar, as in fig. 5. 
and fa. 4. In this pofition, the water fupphed by the 
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which it poffeffes j therefore, when the air-veffel is half 
filled with water, the fpring of the included air, whicli 
in its original ftate counterbalanced the preffure of the at* 
mofphere, being now compreffed into half the fpace, will be 
equal to twice the preffure of the atrnofphere 1 and by its 
action on the fubjacent water will caufe it to rife thxough 
the conduit-pipe, and to play a iet of 32 or 33 feet high, 
abating the effect of fri&ion. When the air-veffel is two- 
thirds full of water, the fpace which the air occupies is only 
one-third of its firft fpace ; therefore its fpring being three 
times aB great as that of the common air, will projeft 
the water with twice the force of the atrnofphere, or to the 
height of 64 or 66 feet. In the fame manner, when the 
air-veffel is three-fourths full of water, the air will be com- 
preffed into one-fourth of its original fpace, and caufe the 
water to afeend in air with the force of three atmofpheres, 
or to the height of 96 or 99 feet, &c. as in the following 
table : 
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See Martin’s Philof. Brit. vol. ii. p. 69, &c. 

The fire engine, by Rowntree, is a double-force pump, 
of a peculiar conftru&ion, fimilarin its adtion te the beer - 
engine , but as it is on a much larger fcale, its conftru&iona 
are of courfe varied. In this engine, Jigs, 1. and 2. 


fucking-piece enters at D, and proceeds diredlv through Plate TV. Hydraulics , are two elevations at right angles 
the cock W to the valve under the two piftons ; and to each other, of the external part of the engine mounted 
there is now no communication from the barrels with the on four wheels. Figs. 3. and 4. are two ieftions per- 


cavity of the cittern. In Jig. 10. we have the pofition of 
the cock when the handle XY ii turned one quarter of a 
revolution toward* the eye from the laft mentioned fitua- 
tion, in which cafe there ia no communication from the bar- 
rels with the outer extremity of the fucking-piece, but the 
water poured into the fore and hind trough, and paffing 
fro» thence into the cavity of the cittern, enters the cock 
fide-wife at W, and, turning at right angles through the 
cock towards E, proceeds to the barrels of the pumps. 
I'ijr.-H, reprefents the cock W when the handle is placed 
diametrically oppofite to its laft fituation, in which cafe 
> communication from the under-fide of the bar- 


pendicular to each other, of the body of the engine or 
pump ; Jigs . $. and 6. are parts of the engine. The fame 
letters are ufed as far as they apply in all the figures, 
A, A, A, A ; fig. 3. and 4. is a caft-iron cylinder truly 
bored, ten inches diameter and fifteen long, and having a 
flanch at each end whereon to ferew two covers, with 
ft u fling boxes, a , a, in their centres, through which the 
fpiudle, B, B, of the engine paffes, and being tight packed 
with hemp round the collar, makes a tight joint ; the pifton, 
D» is affixed to the fpindlc within the cylinder, and fits it 
tight all round by means of leathers ; at E t fig, 4. a parti- 
tion, called a faddle, is fixed in the cylinder, and fits againft 


»ls with the cavity of the cittern or the outward end of the back of the fpindle tight by a leather, 
the fucking-piece t but this fituation affords a eommunica- We have now a cylinder divided by the faddle, E, and 
ti<m from the cavity of the cittern with the outfide of the piftoB, into two parts, whole capacity can be increafed and 
«urine. and the water left in the cavity of the cittern may diminiflied by moving the pifton, with proper paffages and 
hv this means be employed when the engioe has done valves to bring and convey away the water : this will form a 
working Thefe engines arc made of five or fix different pump. Thefe paffages are caft in one piece with the cylin- 
fizes See DcfagulieiVa Courfe of Exper. Philof. vol- ii. der : one, d, for bringing the water is fquare, and extends 
wxCT. & about 4 d round the cylinder ; it conne&s at bottom with a 

p. 5O5— J 1 ®' - • J i- s 1 » 


^ The principles on which this engine afts, fo as to pro- pipe,,; at its two upper ends it opens into two large chain- 
duce a continued ftream, are obvwusj the water, being ben, ,/,g, extending 'near the whole length of the cylinder, and 
. . ,k. air.voflVl. as in the operation of common clofed by covers, h, h, ferewed on ; t, k, are fquare openings 
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water returning down the paffage, d \ tt 9 o 9 are two paflages 
from the top of the cylinder to convey away the water ; 
thev come out in the top of the cylinder, which, together 
with the top of the chambers,/, j-, form a large Bat furface, 
and are covered by two valves, p 9 q 9 to retain the water which 
has pafled through them. A chamber, K, is ferewed over 
thefe valves, and has the air-veflel, i,jigs. I. and 2. ferewed 
into its top ; from each fide of this chamber a pipe, <w w 9 
proceeds, to which a hofe is ferewed, as (hewn in Jig. 1. 
Levers, x,x, are fixed to the fpindleat each end, as fhevvn in 
and carry the handles, H,H, by which men work the 
engine. When the pillon moves, as Ihewn by the arrow in 
jig . 4. it produces a vacuum in chamber,/, and that part of 
the cylinder contiguous to it 5 the water in the pipe, e, then 
opens the valve, w, and fills the cylinder. The lame motion 
forces the water contained in the other part of the cylinder 
through the valve, q> into chamber, K, and thence to the 
hofe through the pipe, w ; the pifton being turned the 
other way, reverfes the operation with refpeft to the valves, 
though it continues the fame in itfeJf. The pipe, r, is 
ferewed by a {launch to an upright pipe, P ,jig. 5. connedied 
with another fquare iron pipe, fattened along the bottom of 
the du ll of the engine ; a curved brafs tube, G, comes from 
this pipe through the end of the cheft, and is cut into a 
(crew to fit on the fu&ion hofe when it can be ufed ; at 
other times a clofe cap is ferewed on, and another brafs cap 
at H, within the chelt, is ferewed upwards on its focket, to 
open feveral fmall holes made in it, and allow the water to 
enter into the pipe ; in this cafe the engine cheft mull be 
kept full of water by buckets. The valves are made of 
brafs, and turn upon hinges. The principal advantage of 
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finally invented by the late John Daniel Mafcrei,efq.; and 
B. M. Forllcr, cfq. has communicated to the public a detcrip- 
tionof it, with iome improvements by himlelf, in the Phi* 
lofophieal Magazine* The principal parts of this machine, 
which is called the 11 fling fireefcape,” are as follows : 
1. The fufpenfion iron A, (Plate XII. Mifcellatiy, jig. 12.)* 
which is formed like a ram-iicad commonly nfed tor fling* 
ing goods from warehouse, with this difference, the bottom 
hooks arc turned up clofe to the upright part, to form two 
clofe rings or eyes ; the length of this iron is about four 
inches and a half, thieknefs of the iron out of which it is 
hammered is about half an inch. 

2. The rope B. This is made of flax, and platted in a 


the engine is the facility with which it is cleaned from any 
fand, gravel, or other obftruttionb, which a fire-engine will 
always gather when at work. 

The chambers,/, being fo large, allow fufficient room 
to lodge a greater quantity of dirt than is likely to be accu- 
mulated in theufc of the engine at any one fire, and if any 
of it accidentally falls into the cylinder, it is gently lifted 
out again into the chambers by the pillon, without being 
any obttni&iun to its motion : to clear the engine from the 
dirt, two circular plates, r, r, five inches diameter, are un- 
ferewed from the lids, h 9 b 9 of the chambers,/,^, and when 
cleaned are ferewed on again : thefe ferew covers fit per- 
fc&ly tight without leather, -and can be taken out, the en- 
gine cleared, and enclofed again in a very (hort time, even 
when the engine is in ufe, if found neceflary. 

The two upper valves,/*, a 9 and chamber, K, can alfo be 
cleared with equal eafe, by lerewiug out the air-veflel, i k 9 
jig. 1. which opens an aperture of five inches, and fits air- 
tight, without leather, when clofed. The valves may be 
repaired through the fame openings. The ufe of the air- 
veflel, I lt 9 jigs. 1. and 2. is to equalize the jet from the en- 
gine during the fhort iutermittance of motion at the return 
of the pillon flroke ; this it does by the elafticity of the 
compreffed air within it, which forces the water out con- 
tinually, though not fupplied quite regularly from the engine. 

The engine from which our drawing was taken was made 
for the Sun Fire Infurance Company, in London, and from 
fome experiments made by their agent, Mr. Samuel Hubert, 
appears to anfwer every purpofe. 


peculiar manner, for which there was a patent taken out. 
It id fold by Annllrong, St. JohnVfquarc, Clerkcnwell, 
and meafureti about three-eighths of an inch in diameter. 
The rope mull be in length fomewhat more than twice the 
height of the window from the ground. 

3: The regulator C. This is an oblong piece of beech* 
wood, fix inches and a half iu length, three inches and a 
qua* ter broad, and about feven.cighths of an inch thick; iri 
this there are four holes pierced for the rope to pafs through ; 
one of thefe is open at the fide ; there is alfo a notch at the 
top of this piece of wood, .and an oblong hole about feven- 
eighths of an inch from the bottom. 

4. The upper belt D is a llout leathern (trap, about four 
feet three inches long, and one and a half broad, with 9 
buckle to it. 

5. The lower belt E is a ftrap of the fame fort as the 
other ; but the end, after being put through the buckle; is 
fewed down : this is for the purpofe of fecuritv, in cafe the 
tongue of the buckle fhould by accident break. 

6 . The union ftrap F, fo cabled from its connoting the 
regulator to the other parts of the machine. This is lea- 
thern, and is about a foot and a half long, and an inch and a 
quarter broad ; it has, like the others, a buckle to it. It 
is ttained black, which dillinguifhes it from the other leathern 
ftraps. 

The method of putting together all thefe parts of the 
machine is, firll to pafs one end of the rope through the 
holes in the regulator, then through the two lower rings of 
the fufpenfion iron ; the upper belt is then to be pafled 
through a doubling of the union ftrap ; after which the rope 
is to be tied to that belt, and the knot fecured by a firing 
from flipping (which firing is to pafs through two final! 
holes in the leather) ; and at about a* foot below the rope is 
to be tied to the lower belt iu like manner. Next, the uniou 
ftrap is to be put through the oblong hole in the regulator, 
and buckled ; by which the upper belt and the regulator 
will be conne&ed. The other end of the rope may be kept 
wound on a wooden roller, to prevent it from getting en- 
tangled. 

rerfons who purchafe thefe machines fhould have a very 
ftrong iron hook, with a fpring catch, fixed to fome fecure 

J iart of the window-frame, or elfewhere ; on this hook the 
ufpenfion iron is to be hung by the upper ring, when any 
one wifhes to defeend from the window. The next opera- 
tion is to flep into the lower belt with both feet, and draw 
it up fufficiently high, fo as to form a kind of (wing to fit 
the part of the ftrap which is through the bucklte is t r 


rnu-tngine is alfo a name frequently given to a machine be laid hold of with the left hand 5 and the buckle, with 

sw.11_.41 kiart/4 ia ka /lint »a if c ncrtMkC nisi/*#. 


for railing water by fleam, more properly called Jlca 
gine 9 which fee. 

Y\%Z'tfcape 9 a machine for efcaping from windows when 
houfes are on fire* Various machines of this kind have been 
invented by different perfons \ the following feems to be well 
adapted to the purpofe for which it was deligned. It was ori- 


the right hand, is to be dipt to its proper place, according 
to the fize of the perfon ; the tongue is then to be put into 
one of the holes, as in buckling common ftraps* A f ter 
this is done, the upper belt is to be fomewhat loofely 
buckled round the cheft, and then the rope which is on the 
roller is to be thrown out of the window on the ground* 
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Now all being ready for descending, the perfon is to 

K t out of the window, grafping tight with one or with 
th hands, the rope at forae convenient part, taking efpe- 
cial care not to meddle with the fufpenfion iron until quite 
outof the window 5 after which the rope below the regulator 
is to be laid hold of with the right hand, and to be let to 
run through the holes as fall as there may be occafion ; for 
which purpofe, if neceffary, it may be eafily flipped out of 
the open hole ; it will then have the check of only three 
holes : if the motion is wanted to be retarded, the rope 
is to be put into the notch at the upper part of the regula. 
tor. 

When one perfon has defeended, and there is a neceflity 
for a fecond immediately to follow, the union ilrap is to 
be unbuckled ; when the regulator will be feparated from 
the upper belt : the belts may then be very eafily drawn up, 
having the fri&ion of the fufpenfion iron only, and the 
perfon above is to put on the belts as the other did, and is 
to be let down gradually, partly by the one below, and part- 
ly by managing the rope as the firft did : in this cafe great 
care mull be taken, as the check occafioned by the regulator 
is gone 

Obfer vat ions and Cautions . 

It is not eafy to lay down exad rules for what number 
of holes the rope mult pafs through, as this mull vary ac- 
cording to the weight of the perfon, and other circumftaii' 

It would be well, before the perfon gets out of the wind 
to examine, firft, (abfolutcly neccflary,) whether the fufpen- 
fion iron is on the hook ; then, that the three buckles are 
fall, the two knots tied, and that the rope is in the hole of 
the regulator which has the opening. Great care mull be 
taken that there is not any impediment to the free running 
of the rope ; for which the wall of the houfe mull be exa- 
mined, and any nails or hooks which may chance to be there 
removed ; alfo iron ferapers, and every thing wherein the 
rope may be likely to hitch, 

Mr. B. M. Forller has, in feme rcfpe&s, Amplified Mr. 
Mafercs’s machine, particularly in fubftituting the ram-head 
fufpenfion iron in the place of a more complicated, and, in 
his opinion, lefs fee ure piece of mechanifm. (See /jy. 1 J. ) 
It confifts r, of a folid metal (in the latter improved ones) 
grooved cylinder, round which the rope coiled two or three 
times, by which a confiderable degree of fri&ion wa| pro- 
duced, and the rapid defeent prevented, which would other- 
wife happen. The metal cylinder is fupported on an iron 
frame, and fufpended by a ring, which ring is moveable in 
the focket. A is the moveable ring in the upper part of 
the frame} B is the frame, enclofmg a grooved cylinder} 
and C is a metal bar to hold the cheeks together. 

Fire, Everlqjlingy in Pagan Theology , is a kind of re- 
puted facrcd Arc worfliipped by the Gavers or Gabres in 
Perfla. Dr. Mounfey, iormeily phyfician to the czarina's 
army, has given the following account of it: this ptrpe- 
tual fire rites out of the ground in the peninfula of Abfche- 
ron, about twenty m les from Baku, and three miles from 
the Cafpian (bore. The ground is rocky, over which is a 
(hallow covering of earth. If a little of the furface be feraped 
off, and fire be applied to the hollow, it catches flame imme- 
diately, and burns without iatermiffion, and airmail with- 
out confumption ; nor is it ever extinguiflied uulefs fome 
cold earth be thrown over it, by which it is eafily put out. 
There is a fpot of ground, about two Englifh miles in ex- 
tent, which has this property, where the earth continually 
burns ; but the mod remarkable part of it is a hole about 
four feet deep, and fourteen in diameter. This fire is wor- 
(hipped, and is faid to have burnt many thoufand years. The 


cracks in the walls of the caravan fer*, inhabited by the re- 
ligious, are covered with flame, if a candle be h»ld to them ; 
and when there is occafion for a fmall light, no more is ne- 
ceffary than to (lick one end of a piece of reed in the ground, 
and apply a lighted candle to the other ; a flame will kindle 
at the top pf the reed, and burn till it is extinguished by 
covering it. They burn (tones into lime, by filling a hole 
in the ground with a heap of them, and bringing a lighted 
candle to the hole, upon which the fire kindles, and in about 
three days burns the ftoncs fufficiently. The flame yielded 
by this fire, has neither fmoke nor fmell. This facrcd and 
adored phenomenon is nothing more than an inflammable 
vapour, which iffues in great quantity out of the ground in 
this place, and is fuppliedby the naphtha with which the 
adjacent country abounds. Phil. Trauf. vol. xlv. for 1748, 
p. 29 6. 

Fire, Extin guijhing of \ The world has long been of 
opinion, that a more ready way than that in general life, 
might be found for extinguishing fires in buildings, and it 
has gent rally been attempted upon the doftrine of explofion. 
Zachary Grcyl was the firft perfon who put this plan into 
execution with any tolerable degree of fuccefs. He con- 
trived certain engines, eafily manageable, which he proved 
before fome perfous of the fiill rank to be of fufficient effi- 
cacy, and offered to difeover the fecret by which they 
were contrived, for a large premium given either from the 
crown, or raifed by a fubfeription of private perfons. But 
this icheme meeting with no better fuccefs than things of 
this nature ufually do, he died without making this dif- 
covery. Two years after this the people who had his pa- 
pers found the method ; and it was (hewn before the king 
of Poland and a ffreat concourfe of nobility at Drefden, 
and the fecret purchafed at a very confiderable price. After 
this the fame perfon carried the invention to Paris and many 
other places, and pra&ifed it every where with fuccefs. 
The fecret was this : a wooden veffel was provided holding 
a very confiderable quantity of water; in the centre of this 
there was fixed a cafe made of iron plates, and filled with 
gun-powder ; from this veffel, to the head of the larger vcf- 
fel containing the water, there proceeded a tube or pipe, 
which might convey the fire very readily through the water 
to the gun-powder contained in the inner veffel. This tub# 
was filled with a preparation eafily taking lire, and quickly 
burning away; and the manner of ufinglhe engine was to 
convey it into the room or building where the fire was, 
with the powder in the tube lighted. The confequeuce of 
this was, that the powder in the inner cafe foon took fire, 
and, with a great explofion, burft the veffel to pieces, and dil- 
perfed the water ever)' way : thus was the fire put out in 
an inftant, though the room was flaming before m all parts 
at once. The advantage of this invention was, that at 
fmall cxpence, and with the help of a few people, a fire 
in its beginning might be extiuguifhed 5 but the thing 
wa. not fo general as it was at firft expefted that it would 
prove ; for though of certain efficacy in a chamber or 
clofe building wnere a fire had but newly begun; yet 
when the mifehief had increafed fo far, that the houfe waa 
fallen in, or the top open, the machine had no effect. 
This was the contrivance firft difeovered by Grcyl, and 
from which our chemift Godfrey took the hint of the ma- 
chine, which he called the water- bomb, and would fain have 
brought into ufe in England. Ad. Eruditor. ann. 1721. 
p. 183. (See Water •Bomb.) Dr. Hales prapbfed * to 
check the progrefs of fire by covering the floors of the ad- 
joining houftjs with earth. The propofal is founded on an 
experiment which he made with a fir board, half an inch 
thick, part of which he covered with an inch depth of 
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damp garden mould, and then lighted a fire on the furface 
of the mould; though the fire«a» kept up by blowing, 
it wan two hours before the board was burnt through, and 
the earth prevented it from flaming. The thicker the earth 
is laid on the floors, the better ; however, Dr, Hales 

a rehends, that the depth of an inch will generally be 
cient; and he recommends to lay a deeper covering on 
the Hairs, becaufe the fire commonly afeends by them with 
the greateft velocity. Phil. Tranf. vol. xlv. for 1748, 
p. 277. 

Mr. Hartley made feveral trials in the years 1775 and 
1776, in order to evince the efficacy of a method which 
he had invented for reft raining the fpread of fire in build- 
ings. For this purpofe thin iron plates are well nailed to 
the tops of the joifts, &c. the edges of the fides and ends 
being lapped over, folded together, and hammered clofe. 
Partitions, ftairs, and floors, may be defended in the fame 
manner ; and plates applied to one fide have been found fuf- 
ficient. The plates aic fo thin as not to prevent the floor 
from being nailed in the joifts in the fame manner as if this 
preventative were not ufed : they are kept from mft by 
being painted or varniflied with oil and turpentine. The 
expence of this addition, when extended through a whole 
building, is eftimated at about five per cent . Mr. Hartley 
had a patent for this invention, and parliament voted a 
fum of money towards defraying the expence of his nume- 
rous experiments. (14 Geo. III. cap. 85.) The famepre- 
fervative may alfo be applied to fliip 3 , furniture, &c. 

Lord Mahon (now earl Stanhope) has alfo difeovered 
and publi/hed a very Ample and efle&ual method of fe- 
curing every kind of building againft all danger of fire. 
This method he has divided into three parts, viz . under- 
flooring, extra-lathing, and inter-fecuring. The method 
of unaer-flooring is either Angle or double : in Angle under* 
flooring* a common ftrong lath of oak or fir, about one- 
fourth of an inch thick, /hould be nailed againft each fide 
of every joift, and of every main timber, fupporting the 
floor which is to be fecured. Other fimilar laths are then 
to be nailed along the whole length of the joifts, with their 
ends butting againft each other. The top of each of thefe 
laths or fillets ought to be at 1 h inch below the top of the 
joifts or timbers againft which they are nailed 5 and they 
will thus form a fort of fmall ledge on each fide of all the 
joifts. Thefe fillets ate to be well bedded in a rough plaf- 
ter hereafter mentio ed, hen they are nailed on, lo that 
there may be no intmal between them and the joifts ; and 
the lame platter ought to be fpread with a trowel upon the 
tops of all the fillets, and along the fides of that part of 
the joifts which is between the top of the fillets and the 
upper edge of the joifts. In order to fill up the intervals 
between the joifts that fupport the floor, (hort pieces of com- 
mon laths, whofe length is equal to the width of thefe in- 
tervals, fhould be laid in the contrary direflion to the joifts, 
and clofe together in a row, fo as to touch one another : 
their ends mull reft upon the fillets, and they ought to be 
well bedded in the rough platter, but are not to be fattened 
with nails. They mutt then be covered with one thick 
coat of the rough platter, which is be fpread over them 
to the level of the tops of the joifts 5 and in a day or two 
this platter (hould be trowelled over, clofe to the fi Jes of 
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the joifts, without covering the togs of the joifts with it, 

In the method of double flooring, the fillets and fhort 

E ieccs of laths are applied in the manner already deferibed ; 

ut the coat of rough platter ought to be little mpre than 
half as thick as that iu the fotmer method. Whilft this 
rough platter is laid on, fome more of the fhort pieces of 
laths above-mentioned guilt be laid in the interval* between, 
the joifts upon the firft coat, and be dipped deep in itv 
They /hould be laid as clofe as pofliblc to each other, and 
in the fame diredlion with the firft layer of fhort laths* 
Over this fecond layer of fhort laths there muft be fpread 
another coat of rough plafter, which fhould be trowelled 
level with the tops of the joifts, without riling above them. 
The rough plafter maybe made of coarfe lime and hair; 
or, inftcad of hair, hay chopped to about three inches in 
length may be fubftituted witn advantage. One meafure of 
common rough land, two meafures of flacked lime, and three 
meafures of chopped hay, will form in general a Very good 
proportion, when fitfficiently beat up together in the manner 
of common mortar. The hay fhould be put in after the 
two other ingredients are well, beat up together with water. 
This plafter fhpuld be made ftiff ; and when the flooring 
boards are required to be laid down very foon, a fourth 
or fifth part of quick-lime in powder, formed by dropping 
a imoll quantity of water on the lime-done a little while 
before it is ufed, and well mixed with this rough plafter, 
will caufe it to dry very fall. If any cracks appear in the 
rough plafter-worlt* near thejoilts, when it is thoroughly 
dry, they ought to be clofed by walking them over with a 
brufh wet with mortar walh : this walh may be prepared 
by putting two meafures of quick lime, and one of common 
fand, in a pail, and ftirring the mixture with water till the 
water becomes of the confidence of a thin jelly. 

Before the flooring boards are laid, a fmall quantity of 
very dry common fand /hould be ftrewed over the platter- 
work, and ft ruck fmooth with an hollow rule, moved in 
the direflion of the joifts, fo that it may lie rounding be- 
tween each pair of joifts. The platter-work and fand 
fhould be perfedtly dry before the boards are laid, for fear 
of the dry rot. The method of under-flooring may be fuc- 
cefsfully applied to a wooden ftair-cafe ; but no land is to 
be laid upon the rough plafter-work. The method of 
extra-lathing may be applied to deling joifts, to doping 
roofs, and to wooden partitions. 

The third method, which is that of inter-fecuring, i§ 
very fimilar to that of under-flooring ; but no fand is after- 
wards to be laid upon it. Inter-fecuring is applicable to 
the fame parts of a building as the method of extra-lath* 
ing, but it is feldom neceffary. 

Lord Mahon has made feveral experiments in order to de- 
monftratethe efficacy of thefe methods. In moft houfes, 
it is only neceffary to fecure the floors ; and the extra-ex- 
pence of under-flooring, including all materials, if only 
about nine pence per lquare yard ; and with the ufe of 
quick-lime a little more. The extra-expcnce of the me- 
thod of extra-lathing is no more than fix pence per fqttare 
yard, for the timber, fide walls, and partitions ; but for the 
ceiling, about nine pence per fquare yard. But in moft 
houfes, no extraJathing is neceffary. Phil. Tranf. voLlxviii. 
for 1778, part ii. art. 4.. p. 884, See. 



Flame 


FLAME, (flamma y Latin,) is the aftual burning, attended 
with heat and light, of a volatile combultible fubftance ; and 
this fubftance may be either a comminuted folid, (viz. a 
powder,) or a vapour, or a gas. 

The powder of rofin, and of other brittle refinous bodies, 
the farina of feveral plants, and fome other powdered 
combuftibles, when projedted through the flame of a can- 
die, or of a piece of burning paper, inftantly take five, and 
the flame fpreads through the whole powdery cloud. 
Powders of this fort are uled at the play-houfcs for repre- 
fenting a flafh of lightning or other fudden light. Pow- 
dered rofin, and the powder of lycopodium, have been 
found to produce this effeft equally well ; yet the latter, 
when it may be procured, is by far preferable to the former, 
and that on account of its being an unadhefive light powder, 
eafily brufhed off from any thing, whereas the powdered 
rofin (licks to, and foils every thing that it happens to fall 
upon. 

The vapour of certain inflammable fluids, fuch as fpirit 
of wine, ether, fpirit of turpentine, 5c c. are inftaStly in- 
flamed by the contadl of a candle, or other flaming body* ur 
by a fpark of eleflricity, and continue to burn as long as 
there is a fufficient fupply of it. 

The inflammable gafes, when they are extricated either 
by the aftion of heat, or otherwife, from fubftance* that 
contain them, may alfo be inflamed, and will burn in ifitai- 
lar manner. Thus, if iron filings and diluted fulphUric acid 
be placed in a bottle, an effervcfceuce takes place, together 
with a copious produilion of hydrogen gas, which comes 
out in a dream from the aperture of the bottle, and it may 
be inflamed either by a lighted candle, paper, wood, &c. or 
by pafling an ele&nc fpark through it. Thus alfo, when 
coals are lighted in a common lire, the heat foftens their bi- 
tuminous parts, and expels the inflammable gafes, which 
burn and conflitute the flame, as every body mud daily e*- 

f ierience. But befides the inflammable gales, heat expels 
rom coals an aqueous vapour, a thick fluid like tar, and 
fome gafes that are not of a combnftibie nature, and thofc 

f iroduds are neither equal nor comtaut, that is, fometimes 
ome of them predominate, and foinctimrs the other. The 
confcquence of which is, that the flame vt coals is conti- 
nually wavering both in lhape and iutenfity of colour. It 
frequently fliifts from one place to another, and what gave 
a beautiful white light a few feconds before, has become a 
dream of denfe and dark fmoke. It may be hardly worth 
ohferving that the changeable inclination of the flame is 
owing t&thc motion of the air, which runs towards the fire 
in various dire&ions. 


The like thing takes place in the combuftion of wood, 
and vegetable matter in general. The heat extricates the 
volatile aad inflammable materials which take fire, and pro- 
duce the flame. 

In the combuftion of charcoal, and of coak, (viz. charred 
mineral coal,) the flame and the fmoke are very trifling, (re- 
call fe the operation of charring has previoufly expelled from 
thofe materials a great portion of their volatile ingre- 
dients. 

With rcfprft to the procefs of the combuftion, the fame 
requifites arc neceflary with the combuftion id volatile fub- 
ftances, which produce (he flame, as with the combuftion 
offolids; viz. the combullible mull be heated to a certain 
degree, a fire mull be communicated, and the combuftion 
can only take place in, contaft with oxygen gas, or with 
fubftances which contain oxygen. See Combustion. 

Thus, we have given a general (ketch of the nature of 
flame ; but there are feveral remarkable particulars belonging 
to every part of the above mentioned procefs, which are 
highly delerving of notice, and which, of courfe, we (hall 
now endeavour to point out fuccefiively. 

The purpofes for which mankind employs fires, or com- 
buftion in general, are either for the ufe of the heat, or for 
the ufe of the light. The heat is fubfervient to the nume- 
rous and important purpofes of cooking viftuals, of warm- 
ing apartments, and' thus rendering inhabitable fuch cli- 
mates, as otherwife the human fpccies couIJ not li\e in ; of 
giving exiflence to all mutallurgic operations, to the making 
of glafs, of lime for buildup, &e. &c. The light is fub- 
fervient to purpofes equally important. In flioit, it enables 
human beings to follow their operations, during the abfencc 
of the day -light nearly, if not full as well, as in the day-time. 
The flame of a Angle candle animates a family $ every one 
follows his occupations, and no dread is felt of the darknefi 
of night. Were it not for artificial light, liovv great a por- 
tion of the advantages of induftry, and of real comiort, 
would the human fpecies be deprived of. 

When heat is wanted, then rough folid combuftibles are 
ufed which give it in abundance, and at a cheap rate ; but 
when light is wanted, theu the piKclt and the moft uni- 
form combuftibles muft be ufed, otherwife an inadequate 
effeft is produced, and a confiderable quantity of materials 
i* expended. In feme uncivilized countries, (lender faggots 
of fome kind of refinous wood are ufed by way of candles. 
When lighted at one end they burn gradually, and afford a 
good deal of light, but it is unlleady, and encumbered with a 
ood deal of fmoke. Befides, thefe faggots are readily* 
urnt out, and muft be quickly replaced by new ones. 

At prefent, in all civilized countries, the principal com- 



384 

fcuftiblcs that are ufed for the produftion of a bright and 
luminous flame, are wax, the fat of animals, under the 
general name of tallow, oil, either of tifh or of vegetables, 
and the inflammable gas of coals, which has but lately been 
introduced, at leaft in this country. The extenfive con- 
fumption of thefe materials, and the fuccefiive increafe of 
their price, has obliged the iuduftrioua to devife the heft 
means of producing the greateft effeft with the leaft poflible 
quantity of materials. 

Wax, tallow, and oils mu ft be rendered volatile before 
they will produce a flame, but for this purpofc it is fufli- 
eient to volatilize a fmall quantity of any of them, fue- 
ceflively ; for this fmall quantity will fuflice to give a ufeful 
flame, and hence we mult admire the Ample, yet wonderful 
contrivance of a common candle or lamp. This con- 
trivance contains a conftdcrable quantity of the eombufliblc 
fubftance, fufficient to laft fevcral hours ; it has likewife, 
in a particular place, a (lender piece of fpongv vegetable fub- 
ftance, called the wict, which in fadt is the fire place, or 
laboratory where the whole operation is conducted. The 
wick which, in the formation of the candle, or preparation 
of the lamp, has been partly or entirely foaked in the wax, 
or tallow, or oil, is fet fire to by the approach of fome 
other fubftance actually burning ; this heat renders volatile 
and inflames that part of the wax, oil, Sc c. which is in the 
wick, and at the fame timefoftens that which is next to it ; 
the firft portion of the wax. See* being thus conform'd, the 
wick is, m confequcnce of its capillary attraction, enabled 
to imbibe more materials for the maintenance 6f the flame, 
and fo on in fueceffion until the whole is exhaufted. 

There is a circumftance frequently attending the firft 
lighting of a candle, which demands a fhort explanation in 
this place. It is, that at firft the candle fometimes burns 
dimly, and looks as if it would go but. The method of 
reviving the flame in foch cafes is to lift up the candle per- 
pendicularly with a quick motion, three or four times fuc- 
ceflively, which immediately revives the light. The reafon 
•f the firft dimnefs is that the wax or tallow, by being too 
cold or too hard, ib not melted by the combuftion of that 
fmall portion v/ : b is in the wick, and of courfe cannot 
fupply the watte of the wick ; but by the lifting up of the 
candle, the air beats ddwn the flame upon the wax or tallow 
adjoining to the wick, which melts it, and enables it to run 
up into the pores of the wick, where it is rendered volatile, 
and is inflamed, See. 

That part of the combuftible which is fucccffively ren- 
dered volatile by the heat of the flame is not all burnt, but 
part of it efcapes in the form of fmoke through the middle 
of the flame, bccaufe that part cannot come in contaft with 
the oxygen of the forrounding atmofpherej hence it 
follows, that with a large wick and a large flame, this wafte 
of combuftible matter is proportionately much greater than 
with a fmall wick and a fmall flame. In fad, when the wick 
is not greater than a Angle thread of cotton, the flame, 
though very fmall, is, however, peculiarly bright, and free 
from fmoke ; whereas in lamps with a very large wick, foch 
as are often fufpended before butcher’s (hops, or with thofe 
of the lamp lighters, the fmoke is very offenfive, and in 
great meafure eclipfes the light of the flame. 

In order to avoid this inconvenience, the ingenious Mr. 
Argand made that famous contrivance of a lamp, which 
now juftly goes by his name. He made the burner or wick 
thin and circular, with a free paflage for the air through 
the middle. In this conftrudion a very thin and circtfTar 
flame comet in contaft witK a vaft quantity of air both 
within and without the circle, in confequence of which none 
mf the volatilized oil efcapes without burning, and the flame 
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is very brilliant and aftivew This (hews the reftfon <tf what 
is commonly faid of this lamp, namely, that it confumes its 
own fmoke. With refped to the original conftru&ion, and 
the fucccffive improvements of this admirable lamp, we 
mutt refer the reader to the article Lamp. 

Inftead of a circular form, the wick has alfe been made 
thin and oblong $ but though this conftru&ion has fome ad- 
vantage over the common lamp, yet it is far inferior to Ar- 
gaud’s. A circular or an oblong wick has likewife been 
tried in wax or tallow candles, but the attempts have not 
been attended with any lemarkable advantage. 

Another confequence of the want of oxygen in the middle of 
the large flame of a lamp or candle, is the formation of a coaly 
concretion at the extremity of the wick. This arifes from the 
ooaly or groffer particles of the combuftible which are too 
heavy to become volatile, and at the fame time do not come 
in contact with the oxygen which is neceflary for their 
combuftion; hence they accumulate and fprcaa out fome- 
what like a fungus. If the wick be inclined a little, fo that 
the end of it may juft project out of the flame, which 
always goes ftraight upwards ; then no coaly concretion is 
formed. In the lamps which illuminate the ftreets of Lon- 
don, the wick lies nearly horizontal, in confequence of 
which they feldom contract any coaly concretion. 

Of the three principal materials for producing a ufeful 
bright flame, v ; *. wax, tallow, and oil, the Aril and fecond 
are moftly ufed within doors in this country ; but the Afti 
oil, the combuftion of which is attended with an unpicafant 
fmell, is moftly ufed for ftreet lamps and other out of doors 
purpofes ; excepting indeed when Argand’s lamps are ufed, 
tor in thefe the oil gives no bad fmell. Oil of olives burns 
without any often A ve fmell ; therefore much ufe is made of 
it for lamps in private houfes in thofe countries where it may 
be had at a cheap rate, as in Italy, the fouthof France, &c. 

BeAdes the above, a new material has of late been at- 
tempted to be introduced in this country, for the purpofe of 
lighting houfes, ftreets, manufactories, Sc c. the material is 
the inflammable gas of coals. Every body muft know, that 
when coals are burning in a common Are place, a flame more 
or lefs luminous (according as it is more or lefs encumbered 
with incombuft«ble fmoke and vapour) iflues from them 5 
and they frequently emit fome very beautiful ftreams of a 
flame remarkably bright. All this, as wc have already 
mentioned, arifes from the gafes which are extricated from 
the coals by the heat. It was natural to imagine that 
foch gas might be received in proper refervoirs, and might 
afterwards be forced out of lmall apertures, which being 
lighted might ferve, as the flames of candles, to illuminate 
a room or other place. The trial was eaflly made, and it 
was attended with the defired effedfc. The principle of the 
apparatus and of the operation is as follows : The coal is 
placed in large iron vefTels, called retorts, to the apertures of 
which iron pipes are adapted, which terminate in a veffel, or 
veflels, called gafometers, or refervoirs, which are inverted in 
water. The retorts thus charged are placed upon the Are, 
the a&ion of which extricates the gas from the coals that are 
within the retorts, together with an aqueous vapour, a 
thickifh fluid, or tar, See . Thefe produ&s are conveyed 
through the above-mentioned pipes under the gafometers 
where the gas is wafhed, and remains ready for ufe. There 
are then other fmaller pipes from the gafometer, which 
branch out into fmaller ramiftcations, until they terminate 
into the places where the lights are wanted. The extre- 
mities of the pipes have fmall apertures, out of which the 
gas iflues, and the ftreams being lighted at thofe apertures, 
will burn with a clear and conftant name as long as the fup- 
ply of gas continues. All the pipes which come from the 
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gafometer are furnilhed with ftop'cock** in order both to 
prevent the ufelefs wade of gas, and to regulate the fizet of 
the flames. 

The method of producing the gas being thus contrived, 
the next ftep was to determine how far fuch lights might be 
employed, confiftently with expence, fafely, See . A few 
(hops in London were lighted with it, but the ufe was foon 
difeontinued, as it was faid, principally on account of the 
unpleafant^ fmell. A propolal, and fome attempts were 
made for lighting fome of the dreets of London by means 
of this coal gas ; but either the myfterious nature of the pro- 
posals, or the expence attending the operation, of fome other 
caufe of obdro&ion, has not as yet allowed the adoption of 
the plan. Other attempts of the like nature have been made 
el fe where, but of their fuccefles we have no authentic 
account { excepting however of one, which was laid before 
the Royal Society by the operator, Mr. Murdock, and is 
publi fried in the Philofophical Tranfadtion9 for the year 
1808. The precifion with which the particulars are ftated 
in Mr. Murdock's account, and the effential ufe of which 
fuch ftatementa may be to a vaft number of perfona, who 
are now engaged in fimilar examinations in this new branch of 
civil economy, induce us to tranferibe the mod eflential part 
of the account in the prefent article ; referring to add what 
future improvements may come to our notice to the article 
Gas Lights. 

“Thefc fads and refults, Mr. Murdock fays, were made, 
during the prefeut winter, at the cotton manufactory of 
MefTrs. Philips and Lee, at Manchelter, where the light 
obtained by the combuftion of the gas from coal is ufed 
upon a very large fcale ; the apparatus for its production 
and application having been prepared by me at the works of 
MefTrs. Boulton, Watt, and Co. at Soho. 

“ The whole of the rooms of this cotton mill, which is, I 
believe, the moftexteufive in the united kingdom, as well as 
its counting-houfes and itore-rooms, and the adjacent 
dwelling houfe of Mr. Lee, are lighted with the gas from 
coal. The total quantity of light ufed during t fie hours of 
burning has been afeertamed, by a comparifon of Ihadows, 
to be about equal to the light which 2500 mould candles, of 
fix in the pound, would give ; each of the candles with 
which the comparifon was made con fuming at the rate of 
4. ioths of an ounce (1 75 grams) of tallow per hour. 

ft The burners are of two kinds s the one is upon the prin- 
ciple of the Argand lamp, and refembles it in appearance ; 
the other is a fmall curved tube with a conical end, having 
three circular apertures or pet forations, of about a thirtieth 
of an inch in diameter, one at the point of the cone, and 
two lateral ones, through which tjie gas iffues, forming 
three divergent jets of flame, fomewhat like a fleur-de-lis. 
The lhape and general appearance of this tube has procured 
it, among the workmen, the name of the cockfpur 
burner. 

€t The number of burners employed in all the buildings 
amounts to 271 Argands, and 633 cockfpurs ; each of the 
former giving a light equal to that of four candles of the 
defcription above-mentioned ; and each of the latter a light 
equal to two and a Quarter of the fame candles ; making 
therefore the total of the gas light a little more than equal 
to that of *joo candles. When thus regulated, the whole 
of the above burners require an hourly fupply of 1250 cubic 
feet of the gas produced from cannel coal ; the fuperior qua- 
lity and quantity of the gas produced from that material 
having given it a decided preference in this fituation over 
every otker coal, notwithflanding its higher price. 

“The time during which the gas light is ufed may, upon 
an average of the whole year, be ftated at lcaft at two hours 
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per day of 24 hours. In fome mills, where there is over 
work, it will be three hours | and in the few where night 
work is Hill continued nearly twelve hours. But taking 
two hours per day as the common average throughout the 
▼ear, the confumption in MefTrs. Philips* and Lee’s mill will 
be 1250 x 2 sss 2 foo cubic feet of gas per day ; to pro- 
duce which 700 weight of cannel coal is required in the re- 
tort. The price of the beit Wigan cannel (the fort ufed) 
is 13 Um perewt. (2 u. 6d. per ton) delivered at the mill, or 
fay about eight (hillings for the feven hundred weight. 
Multiplying by the number of working days in the year 
(212), the annual confumption of cannel wi; II be 1 jo tons, 
and itscoft 125/. 

“ About one-third of the above quantity, or fay forty 
tons of good common coal, value ten ftiillingc per ton, is 
required for fuel to heat the retorts, the annual amount of 
which is 2o /. 

“The 1 10 tons of cannel coal, when diflilled, produce 
about 70 tons of good coak, which is fold upon the fpot at 
I/. 4 d, per cwt. and will therefore amount annually to the 
fum of 93/. 

“ The quantity of tar produced from each ton of cannel 
coal is from 11 to 12 ale gallons, making a total annual pro- 
duce of about 1230 ale gallons, which not having been yet 
fold, 1 cannot determine its value. 

“ The intereft of the capital expended in the neceflary 
apparatus and buildings, together with what is cotdidcred 
as an ample allowance for wear and tear, is ilati'd by Mr- 
Lee at about J50 /. per annum, in which fome allowance is 
made for this apparat us being made upon a fcale adequate to 
the fupply of a Hill greater quantity of light, than he has 
occafiou to make ufe of. 

“ He is of opinion that the cod of attendance upon can- 
dles would be as much, if not mote, than upon the gas appa- 
ratus ; fo that, in forming the comparifon, nothing need be 
Hated upon that fcore, on either title. 

“ The economical ftatement for one year, then, (lands 
thus : 

Coft of 1 10 tons of cannel coal - - £ I2f 

Ditto of 40 tons of common ditto - 2«j 

Deduft the value of 70 tons of coak - 93 

The annual expenditure in coal, after deducing the 
value of the coak, and without allowing any thing 
for the tar, is therefore - - 52 

And the intered of capital, and wear and tear of 
apparatus - - - 5$* 

Making the total expence of the gas apparatus per 
annum, about - 609 

« That of candles, to give the fame light, would be about 
2000/. For each candle, confummg at the rate of 4- lotto 
of an ounce of tallow per hour, the 2500 candles burning, 
upon an average of the year, two hours per day, would, at 
one (hilling per pound, the prefent price, amount to nearly 
the fum of money above-mentioned. 

“ If the comparifon were made upon an average of three 
hours per day, the advantage would be dill more in favour 
of the gaslight. # , r 

“At fird, fome inconvenience was experienced from the 
fmell of the unconfumcd, or imperfeftly purified gas, which 
may in a great meafure be attributed to the introduction of 
fucccflive improvements in the conftru&iou of the appa- 
ratus, as tbe work proceeded. But fince its completion, 
and finee the ptr. ff ns to -wliofr cure it is confided have be- 
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come familiar with its management, this inconvenience hat 
been obviated, not only in the mill, but atfo in Mr. Lee’t 
houfe, which it moft brilliantly illuminated with it, to the 
txclufton of every other fpeciet of artificial light. 

The peculiar foftnefs and clearnefs of this light, with its 
aknoft unvarying intenfity, have brought it into great fa- 
vour with the work-people. And its oeing free from the 
inconvenience and danger refulting from the fpark9 and fre- 
quent fnuffing of candles, is a circumftance of material im- 
portance, as tending to din ini fh the hazard of fire, to which 
cotton mills are known to be much expofed.” 

In the burning of candles or oil lamps, the heat of the 
flame foftens and attenuates the materials, and converts 
them partly into an elaftic fluid which takes fire fucceflivcly 
and maintains the flame. In the burning of coals, wood, 
turf, &c. various gafes, as well as vapours, are extricated 
from them, but thefe products are not all combuIUble ; 
therefore thofe which are not combuftible tend to check the 
a&ivity of the flame which arifesfrom the combuflion of the 
others. The gafes which are principally extricated from 
the above-mentioned materials are hydrogen gas, azotic 
gas, and carbonic acid gas ; the firft ot which only is highly 
inflammable in all iu combinations ; and it is hardly ever 
yielded pure by any of the above-mentioned materials. Its 
ufual combinations are either with fulphur, or with carbon, 
or with phofphorus ; hence it derives the denominations of 
fulphurated, carburated, or phofphorated, hydrogen gas. 

The flames of different combuftibles are not all attended 
with an equal produftion of heat and light. Sulphur bums 
with a weak flame ; phofphorus with a very denfe one. 
Spirit of wine burns with a very flight flame in point of 
light, but a very powerful one with refpeft to heat; fo 
that if an Argand lamp be charged with oil, and another 
fimilar lamp be charged with fpint of wine, the flame of the 
latter will not have a quarter of the light of the other, but 
it gives more than twice as much heat as the other. The 
flame of fpirit of wine is not accompanied with any fmoke. 
The flame of ether is Jenfer, but produces fmoke. The 
flame of fpirit of turpentine is attended with a very denfe 
fmoke. The flame of pure hydrogen is very faint. This 
flame of hydrogen produces a remarkable phenomenon, 
which deferves to be mentioned in this place. 

If a phial, containing the materials proper for the produc* 
tion of hydrogen gas, (viz, iron filings and diluted fulphu- 
ric acid,) be furnifhed with a tube having a fmail aperture 
for the exit of a dream of the gas, and if this dream be 
lighted, a flame will continue to bum at that aperture as 
long as the materials continue to give out the gas. Now, if a 
glal8 tube of about an inch in diameter, and about a foot long, 
be heldftraight up, with its aperture jud over the above-men- 
tioned flame, a found will be heard, ibmewhat like a delicate 
found of an organ pipe. This found varies according to 
the flze of the tube. No very fatistaftory explanation has, 
as yet, been given of this Angular phenomenon. 

The flames of volatile combudibles that are more com- 
pound in fheir nature, vary conflderably with refpeft to the 
mtenflties of their heat and light. A curious phenomenon 
takes place in uniting the flames of two candles, viz, the 
light is conflderably increafed. Let a perfon hold two can- 
dlei before his face, at firft feparate, aad then with their 
flames joined. Upon the junftion of the two flames, his 
face wifi appear much more illuminated than it was before. 

* It is conjeftured,” Dr. Prieftley fays, “ that the union 
•f the two flames produces a greater degree of beat, and 
that this caufes a farther attenuation of the vapour, and a 
more copious oraflion of the panicles of which light con- 


FLAME 

The effefts which we have juft been enumerating are 
fuch as take place in common atmofpheric air. 

The various colours of the flames of Ample and compound 
bodies are likewife highly deferring the attention of philofo- 
phers. Certain combuftibles, even of the pureft kind, burn 
with flames having peculiar tints; but much ftronger colours 
may be communicated to their flames by the admixture of 
various fubdances, efpecially of falts that are of an earthy 
or metallic nature. 

The flame of a common candle is far from being of an uni- 
form colour. The lowed part of the flame is always blue ; 
and when the flame is futficiently elongated, fo as to be 
jud ready to fmoke, the tip is always red. 

As for the colours of flames that arife from coals, wood, 
and other ufual combuftibles, their variety, which hardly 
amounts to a few fliades of red, or purple, intermixed with 
the bright white light, feems principally to arife from the 
greater or lefs admixture of aqueous vapour, denfe fmoke, 
or, in (hert, of other incombuftible produfts. 

Spirit of wine burns with a blueifh flame. The flame of 
fulphur has neatly the fame tinge. The flame of zinc is of 
a bright white. The flame of moft of the preparations of 
copper, or of the fubftances with which they are mixed, is 
reenifh-blue. Spirit of wine, mixed with common fait, 
urns with a very unpleafant effeft, as may be experienced 
by looking at the fpeftators who are illuminated by fuch 
light. If a fpoonful of fpirit of wine and a little boracic 
acid be ftirred together in a cup, and then be inflamed, the 
flame will be beautifully green. If the fpirit of wine be 
mixed with a little ftrontian earth in powder, or with any of 
its faline preparations, it will afterwards, on being inflamed, 
burn with a red, or rather purple flame. If the fpirit of 
wine be mixed with barytes, its flame will have a beautiful 
yellow appearance. Such are the principal means of colouring 
flames, the admixture of various other fubftances will alfo 
impart lome fliadcs of colour to flaming bodies, but not 
nearly fo ftrong as the above. 

Some years ago an elegant and curious exhibition, under 
the title of “ Philofophical Firc-woiks,” was ftiewn in 
London by an induftrious foreigner, named Diller. The 
exhibition confifted of the flames of certain gafes or vapours 
which iflued out of a variety of fmail apertures at the ends of 
fhort tubes, which were difpofed in the forms of wheels, 
pyramids, fpirals, tridents, &c. Out of thefe apertures the 
flames were gradually made to increafe and decreafe alter- 
nately ; fo that fometimes the room looked as bright as if it 
were illuminated by the fun, and at other times the flames 
would be barely difeerned. But the moft pleaflng effeft 
arofe from the colours of thefe flames, as there were beau- 
tiful greens, yellows, reds, purples, 8cc. Mr. Diller died, 
and it feems that he did not leave the fecret of the prepara- 
tions behind him ; for no one has Ance been able to exhibit 
any thing equal to thofe philofophical Are-works. The 
fmeil of ether, which predominated in the exhibition room,, 
feemed to ftiew that Mr. Diller made great ufe of that li- 
quid. 

The combuftible vapours and gafes are not ail inflamed 
with equal readinefs. Hydrogen gas may be inflamed not 
only by the contaft of another flaming body, but even by a 
very fmail eleftric fpark. An eleftric fpark a little more 
powerful will Are fpirit of wine and ether, efpecially when 
thofe fluids are a little warm. Spirit of turpentine, and 
fomeeflfential oils maybe inflamed, not only by the above- 
mentioned means, but even by the aftion of cold acids. 
Put about a fpoor fji of oil of turpentine in a cup, and pour 
over it about half that quantity of ftrong nitrous acid pre- 
vioufly mixed with a few drops of fulphnric add* The oil 
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of turpentine will immediately burft out into a flame merely 
in coiueouence of the aflion of the acid, 

The thick fat oils mud be heated to a confiderable degree* 
and in that Hate a flaming body mull be brought in contaft 
with their vapour, before they will be inflamed. Even when 
railed to a very high temperature, they feldom will of them, 
felvcs burft out in a flame, If a velfel containing oil be fet 
upon a tire, a fmoke or vapour begins to rife from it, which 
grows by degrees denfer and denier ; and at laft it begins to 
thine in fomc places near the furfacc of the oil, fomewhat 
like an eleflric light ; yet it does not flame ; but if in this 
ilate a flaming body, like a candle, a match, &c. be brought 
within the vapour, the latter will be inftantly inflamed, 
breaking out with a fort of cxplofion, and will continue to 
burn until the oil is in great nieafnrc confumed, 

Belides the ufeolthcir light, the flames of candles, and 
efpecially of lamps, arc often ufed for the fake of the uni* 
form heat which they give ; and when no very great degree 
of heal is wanted, the ufeof fuch flames mull be allowed 
to be incomparably mure commodious, and more economical 
than a common lire. The enamcller, the mineralogift, and 
the philofophical inftrnnieiit makers, make great tile of the 
heat of candles and lamps, tlw flames of which they fre- 
quently urge by means ot the blow-pipe. An Argand lamp, 
efpecially when changed with fpirit of wine, (lor wliidi 
purpofe, however, the lamp mud be made in a particular 
manner,) inllead of oil, forms a pretty powerful furnace 
for fmall diftillations, derations, &c. but even the flame of 
a Angle common lamp is fulcient for a great variety of 
delicate purpofes, 

The word flame, hefides its true meaning, which we have 
already explained, and which denotes the combulion of a 
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volatile combullible body attended with the cmifllon of heat 
and light, has often been indifcriminatcly applied to every 
kind of luminous appearance, provided itslignthad a pretty 
evident degree of intenfity, Thin all phofphorefcent bodies, 
clerical light, northern lights, &c, have been called 
flames by a variety of writers, Certain phenomena really 
have much the appearance of true flames; yet their real 
nature has not been fufficiently inveftigatei Thus the 
ignij fatm , or JacU-ladorn , is fuppofed to be nothing 
more than phofphorated hydrogen, which being extricated 
from certain materials in particular places, comes out of the 
ground, and burns on the furface of it ; for it is a property 
of that gas to take fire of itfelf the moment it comes in con- 
tad with refpirable air. The nature of thofc appearances 
in the Iky, which have bent called flames, is moftly un- 
known to u!. See Meteors, and IgAii (aim, 

By fome authors, flame is delinedto be li$l mild from 
fn; by others, who have followed Newton, flame is (aid to 
be a vapour heated red-hot ; for Newton in hii Optics fays, 
<< Is not flame a vapour, fume, or exhalation heated red-hot, 
that is, io hot as to Ihine ? For bodies do not flame with- 
out emitting a copious fume, and this iume burns in the 
flame," 

With refpeft to the firft definition, we imagine that the 
preceding part of the prefent article has clearly (hewn that 
not all the light which is emitted from a fire is flame ; and 
fuch for indance is the light emitted from a red-hot cinder, 
or of a coal nearly exhaufted of its gas, As for fir I. New- 
ton’s query, it may be juftly (aid, that the Hate of chemical 
knowledge at his time could not fumilh him with better 
ideas refpeding the nature of flame, 




Flint, Silex cretacevs, Linn. Igniariut, Carth. et Wall. 
Pyromacbus , Wern. Quartz-Agathe pyromaqne , Hauy, 
Feuerjlein, Germ. Flinta, B'ofs-fi'mta, Swed. Pitrn * 
feu, Fr. 

The flint, one of the moft remarkable of the filiceous 
Hones, has frequently been confounded with other hard 
Hones of the flame clafi j the quality it poffefles in an emi- 
nent degree of giving fparks with the ftecl, and the popular 
denomination it nas thence derived among alraoft all nation*, 
have been the principal caufes of this confufion, which may 


calily be avoided by a proper attention to iti more diflin- 
guiming characters. It muft, however, be confeifed, that, 
in fome cafea, its diagnofis it rendered uncertain by its too 
great affinity to Hornjfone and Flint Jlatt, (fee tuofe ar- 
ticles,) and by its gradual tranfition into thefe kindred 
Hones. 

Its colour is chiefly grey, of which yellowiih, blueifh, and 
fmoke-grey, are the more ufual (hades, and thefe pafs, the 
latter into greyilh-black, the former into all the well known 
tints of yeuow, red, and reddifli-browu, that approach it, 
to the camelian. It ia fometimea found perfectly black. 
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tnd alfo difplaylng feveral of the juft-mentioned colours in 
stripes, zonts, and fpots. 

Flint occurs maflive, in angular pieces of various fize, in 
globular boulders, frequently tapering at one end, (the 
petrified melons of Mount Carmel , vulgarly io called, belong 
to this variety) : alfo in knobbed, branching, amorphous, 
perforated pieces, and as hollow balls filled with various 
jubilances. (See Geode.) Befides thefe forms, it lome- 
times adopts thefe of cryftals, which however do not be- 
long to it, as fome writers have fuppofed, but are fuppo- 
fititious : from calcareous fpar it derives the double three, 
fided pyramid, as alfo the fix-fided prifm acuminated by 
three planes ; and it has been likewife obferved in crydals 
formed after thofe of lamellar barytes or caulk. It is alfo 
frequently obferved, (contrary to what we know of horn- 
ftone,) in extraneous external fliapes, as petrifa&ions of 
fpecies of echinus, madrepora, coral, kc. Surface little 
gliftening, and of various degrees of fmoothnefs, often 
coated by, and 'palling into, a white or yellowifh-white 
cruft, of which we ftnU fay more hereafter. Fra&ure con- 
choidal, never perfedtly fpliutery ; internal fujface but little 

f liftening, or dull, of an almoft imperceptibly fine grain. 

ragment fometimes tabular, very (liarp. edged, and more 
or lefs tranflucid in proportion to the lighter or deeper 
colours of the ftone. It is eafily frangible. Its hardnefs 
appears to be in a ratio with. the depth of its colours : in 
general it will fcratch quartz. 

Specific gravity, according to Gellert, 2.581 ; Blumen- 
bach 2.594; Gmelin 2.999. To thefe phylical charafters 
of flint we may add the one afforded by its phofphoref- 
cence, and the peculiar fmell, which are manifefted when two 
pieces are rubbed together. 

Flint is infufible before the blow-pipe without addition, 
but lofes its colour and becomes opaque. By the intenfe 
heat excited by a llream of oxygen gas, Mr. Ehrmann 
found it to melt into a white gliftening quartz-like globule. 
Its conftituent parts are, 
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Flint is met with in mod paits of Europe, particularly 
in the north of France, in England, Saxony, Tyrol, Po- 
dolia, &c. Norway feems to be deilitwte of flint, Is it is 
of chalk ; alfo in Sweden it is fcarce. In Denmark it is 
rincipally at Wordenborg and Taxoe, in the ifland of 
eeland, that fome chalk-hills with imbedded flints are 
found ; and more copioufly in the remarkable Steevens- 
Klint. It occurs but feldom in primitive mountains, and 
when found there, only in veins, as, for inftance, in the 
Saxoa Erzgebirge. Its principal geognoftic fituation is in 
lletz-monntains, where it occurs chiefly in common corr»pa& 
lime-flone or in chalk ; in the fand-ftone formation, where 
it is alfo met within the (hape of thofe conglomerates vul- 
garly called P adding -Jlonc. Sec this article. 

Though the formation of flints is a fubjeft which has 
engaged the attention of many naturalifts, yet but few opi- 
rioas have been broached refpe&ing it that will at all (land 
the teft of clofer inveftigation. Tnc theory which explains 
their origin by a metamorphofis of one earth into another, 
though it may appear abfurd to the chcmift who is unable 
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to produce the fame changes in his laboratory, has not. 
withftanding had its able and celebrated defenders. Some 
have endeavoured to prove that the argillaceous, others* 
that the calcareous earth, underwent this conversion into 
flint. Buffon was an advocate for the argillaceous origin 
of this ftone ; and the obfervations of Pallas appeared to 
corroborate the opinion of the French naturafift 5 for ha 
found that the Ephemera boraria t Which abounds in the 
Molkua, had in fame places perforated the clayey bottom 
of this river with innumerable tubes clofely joined ; and 
in the adjacent fields pieces of perfect flint frequently oc- 
curred that were pierced precifely in the fame manner as 
the clay, from which they were not found to differ in any 
refpc& but in fradture and hardnefs. In the fame manner 
he ftates that, in the fmall river Sunghir, near Woldemir, 
black, globular, rolled maffes occur, which, on being 
bioken, exhibit, from their circumference to the central 
part, a gradual tranfition from real clay and clay-ftone into 
what he confiders as perfedfc flint. With all deference, how- 
ever, to -the great merits of this excellent obferver, we can- 
not but fee in his account one of thofe frequent cafe* in 
which hard Hones of the filiccous ciafs (and clay ftone and 
iafper belong to it) have been miftaken for real flint merely 
by reufou of their giving copious fparks with Heel : for 
this appears to be the character on which Pallas has chiefly 
founded his diagnofis of the ftone he describes. 

According to other geologifts, it is lime-ftone, and prin- 
cipally chalk, which have undergone a transformation into 
flint : a. 1 opinion which Wallerius endeavoured to fupport 
both by geognoftical and chemical fadts, and which was 
followed by Linnajus himfelf. Alfo Gillct-Laumont and 
Girod-Chantrans, from obfervations they refpe&ively made 
in various parts of France, were induced to confider flint as 
a mere modification of chalk. The principal ground on 
which this hypotbefis appears to reft is the geognoftic rcla- 
tionlhip that fubfifts between the ftrata of chalk and of 
flints, together with the intimate union of the boulders of 
flint and their white earthy cruft ; both thefe fubftances be- 
ing io completely incorporated with one another, as to 
preclude the pofiibility of our afeertaining the line where 
each may be confidered as perfectly diftinct from the other. 
This latter rcafon, though fpccious, may, however, lofe 
much of its force by future analyfis ofi that white earthy 
fubftance. To us it appears that moll of the boulders of 
flint, fuch as they are found embedded in chalk, are but 
feldom fnrnifhed with a coating throughout calcareous : it 
feems to be compofed of a twofold cruft, viz. an outer 
chalky one, originating from the matrix of the ftone ; and 
an inner one palling over into the outer, and, by reafou of 
the fimiiarity of colour, not diftinguithable by the eye. 
This inner cruft (hews no effervefcence with acids ; it ap- 
pears to be filiceous, and may perhaps be properly looked 
upon as the rcfult of incipient decompofition { efpecially if 
it be confidered that flints with uncoatcd furfacC, by a long 
expofure to the influence of moifture and other atmofpheric 
agents, have been known to acquire another thin coating, 
(but not calcareous,) with lofs of weight. 

Many geologifts of the prefent day, who confider the 
idea of a tranfmutation of the calcareous into filiceous earth 
as unworthy the advanced ftate of modern chemiftry, at the 
fame time that they are unwilling to have recourfe to floods 
and other revolutionary agents for rolling fragments of flint 
into boulders, and difpofing them in the regular manner in 
which thev are now found, have adopted, fome, the |iy- 
pothefis of infiltration by means of a filiceous fluid ; others, 
that of a forcible inje&ion of melted flint into vacuities pre. 
vioufly exifting in the calcareous ftrata. But either of thefe 
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theories is open to objeAion ; and, indeed, the fame ob- 
jections appear to apply to both* It is difficult to account 
for the ftrange predilcAion the flinty fluid (whether its 
fluidity proceeded from water or fire) has manifefted for 
fletz lime-done, particularly for chalk 5 while other fletz 
and primitive rocks, feveral of which muft be fuppofed to 
have been equally expafcd to it, remained perfectly un- 
touched. Nor is it much eafier to conceive how that fup- 
pofed fluid can have found its way into fo many approxi- 
mate, but perfectly diftin A, hollows in the chalk, without 
more or lew penetrating the intermediate parts, or leaving 
traces of maffes that were conne&ed witn the nodules as 
they now appear ; not to mention the improbability that fo 
many almoft contiguous vacuities (efpedally thofe that muft 
be fuppofed to have been the moulds for the frequently oc- 
curring tabular expanfions of flint) (hould not have yielded 
to the preflure of the ftiperincumbent ftratum. As, more- 
over, thefe hypethefes are filent refpe&ing the origin of ttois 
flinty mafs, (although a fubftancc fo different in its appear- 
ance from common ulex), another theory of the generation 
of the nodules of flint has been propofed, which, however, 
is not likely to meet with any followers among thofe geolo- 

f ifts, whole exalted ideas of the prefent ftate of chemical 
nowledge lead them to fuppofe that the refult of their 
analytical and fynthetical proceffes muft of neceflity, in all 
cafes, fquare with thofe great operations that, with her 
ample means, and afliilid by a long feries of ages, have been 
accomplifhed by Nature in the vaft laboratory of the earth. 
We allude to the hypothefis, according to which all flint, 
whether it be found in nodules or as flat tabular plates, ori- 
ginates from the flefli of a ftratum of marine gelatinous ani- 
mals, which perifhed by fome revolution, and were buried 
in their fliells. The internal afpe& of the nodules, and 
their being almoft conftantly found imbedded in fletz 
lime-ftone, which, by moft geologifts, is allowed to owe 
its exiftence to fliells and other calcareous coverings of tef- 
taceous animals, feems firft to have fuggefted this new idea ; 
which, ftranjre as it appears, may be allowed to have as 
much plaufibility as any of the former ; efpecially as it may 
be adapted equally well to the fyftem of an igneous, and to 
that of an aquatic origin of terreftrial bodies. Mr. Patrin 
is of opinion, that when the chalk was depofited at the 
bottom of the fea, in thofe ftrata which we now fee, it met, 
on other ftrata already exifting, a vaft number of marine 
bodies, (hells, madrepores, See. while others were carried 
along with the precipitating chalk itfelf, futh as medufae, 
See. whofe foft and gelatinous bodies, while they occupy 
much fpace, contain but httle fubftancr. When all thc(e 
marine animals were buried in the chalk, and their decom- 
pofition took place, thofe of a confidence merely gelatinous 
left in their matrix an empty fpace, nearly equal to the fpace 
they occupied when alive : their fubftance, almoft in a ftate 
of fluidity, was abforbed by the porous fides of the cavity ; 
and by the combination of this animal fluid with the chalk, 
thefe fides were, by fome unknown agent, converted into 
flint- In this manner Mr. Patrin accounts for the generation 
of nodules that are either hollow or filled up with chalk ; 
which latter may have been depofed there by means of 
fome aperture, or may have penetrated through the flinty 
coat itfelf, when dill in a ftate of foftnefs- As to thole 
nodules, the central part of which is of a more perfe&ly 
flinty nature than that nearer the circumference, they were, 
according to the fame author, formed of marine animals of 
more confidence or foltdity ; and it is in thefe particularly 
that veftiges of animal organization are found. The more 
confident part of the bocy of thefe animals produced the 
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more perfeft flint, fucli as we fee it in fucb folid nodules ; 
while the fluid which efcaped from the body, by the efie&a 
of decompofition, formed the external byers of this nucleus, 
which, being mixed with the fubftance of the chalk, be* 
came lefs perfeA flint the farther it removed from the' 
central part. According to this explication, the moft im- 
perfect part of a nodule of flint would be that, which, in 
its original fituation, occupied the lowed place, and to- 
wards which the fluid which rfcaped from the more folid 
nucleus muft naturally have taken its directions This, 
however, is never found to be the cafe ; nor has Mr. Patrin 
endeavoured to account for that circumftance. What ap- 
pears to be much in favour of this explanation is, that the 
whole body of echini in their (hells has been found con- 
verted into flint ; and Gillet-Laumont has frequently ob- 
served that thofe echini, which he met with in the chalk, 
ftrata of Montreuil-fur-Mer, were furuilhed with a flinty 
appendage ifiuing from their mouths, and which appears 
to have been the animal fubftance converted into a fluid 
ftate by decompofition. The fame circumftance is not fcl- 
dom obferved in bivalve (hells, whofe gelatinous inhabitants 
have been found in a perfectly filiceous ftate; while the 
(hells themfelves had retained their original calcareous na- 
ture, and were partly converted into fpar. In cafes where 
the gelatinous marine bodies were in fuch abundance that no 
intermediate fpace was left for the depolitiou of chalk, the 
flint has been formed into large maffes and plates of con* 
fiderable extent. Dr. Darwin's ideas on this fubjedk are 
nearly the fame, and modified only by his adopti g a dif- 
ferent theory for explaining the converiion of the geiatinoua 
animals into flint. He conjectures that the nodules of flint 
found in chalk-beds have gained their form, as well as tlieif 
dark colour, from the flelh of the (hell-fifti from which they 
had their origin, but which have been fo completely fufed 
by heat, or heat and water, as to obliterate all veftiges of 
the (hell ; in the fame manner as (according to the do&or’s 
opinion) the nodules of agate and onyx were produced from 
parts of vegetables, but which had been fo completely fufed 
as to obliterate all marks of their organization. 

A remarkable circumftance, relating to the geological 
hiftory of flint, (hould not be paffed over unnoticed in this 
place : it is that fir Henry Englefield has obferved in the 
neighbourhood of Carifbrook, and in other parts of the Ifle 
of Wight, an immenfc number of nodules of flint, all of 
which, though not removed out of their places, and re- 
taining perfe&ly their original (liape, were more or lefs burft 
or (battered. Soma few were only fplit into large pieces, 
but the greater part were broken into fmall fragments, and 
fome absolutely reduced to impalpable powder. The chalk 
ftrata in which they were imbedded had an inclination of at 
leaft 67 degrees, and perpendicular fiffures traverfed the 
whole. Sir Harry conje&urcs, “ that when the tremendous 
convulfion took place which funk them to the fituation in 
which they now appear, (at which time the channel which 
ieparates the Ifle of Wight from the main land was perhaps 
formed,) the ftrata of chalk, in the a& of fubfidence, had 
m tendency to Aide on each other ; and this would be exerted 
moft fenfibly where, from the admixture of the flints, the 
cobefion of the parts of the chalk was the weakeft. Titia 
motion, or rather drain of fo enormous a weight, might in 
an inftant driver the flints, though their refiuance flopped 
the incipient motion; for the (lints, though crufhed to 
powder, are not difplaced, which muft have been the cafe 
had the bed flipped fenfibly.” This theory appears to us 
very unfatisfa&ory,. though we are not prepared to give a 
better. The advocates for the igneous origin of flint may. 
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perhaps, he inclined to account for the phenomenon by an 
accidental fudden cooling of the flinty maflea. 

We conclude this article by adding a few words on the 
sj fee to which flint is applied, fome of which are of con- 
siderable importance. The one derived from its giving 
copious fparks with fteel is the mod ancient and generally 
known ; but the art of cutting or rather breaking this ftone 
into regularly fhaped guu-flintt is of more modern date, 
and was not pra&ifed till a confiderable time after the in- 
vention of fire-arim. The mode of making gun-flints has 
for a long time been involved in fable and myltery : the 
mod abfurd and contradictory accounts having been given 
of it by various authors j and it was not till lately that we 
have been made fully acquainted (by Hacquct of Vienna, 
and by Dolomieu) with the Ample manner in which thefe 
flints are manufactured in Gailicia and in France, where 
they conftitute an important article of trade. (See Gun- 
Flint.) The art of fquarmg and chipping flint was prac- 
tifed long before that of making gun-flints j and as this 
latter requires exa&ly the fame management and the fame 
tools, the former cannot properly be called a loft art, 
though, on account of the expenfivenefs of fuch fquare pieces 
of flint, if employed for conltrudting walta and covering 
roofs, it is not much pra&ifed. The north wall of the 
Bridewell at Norwich, mentioned in a letter of Mr. Baker, 
in the 43d volume of the Philofophical Tranfadlions, was 
built of flints, " fquared to fuch a nicety, that the thin 
edge of a knife could not be inflnuated between the joints 
without a great deal of difficulty.” And we learn from a 
note to that letter, that the gate of the Auftin friars at 
Canterbury, the gate of St. John’s abbey at Colchefter, 
and the gate near Whitehall, Weftminfter, are executed in 
the fame tafte ; and the platform on the top of the Royal 
obfervatory at Paris, which is paved with flint after the 
fame manner, is adduced as a proof that the French have in 
fome meafure recovered the art. Flint is alfo often em- 
ployed in the mauufa&ory of glafs, fmalt, porcelain |< and 
lome of its lighter coloured and ftriped varieties are made 
ufc of for ornamental purpofes. They take an excellent 
olifh, and are not unfrequeotly manufactured into fnuff- 
oxes, & c. 

Fl 1 n t "Slate. The hiftory of this foflil prefents t laby- 
rinth of blunders and confufion. On one hand it has been 
deferibed under the names of well defined Wernerian fpecies 
of rocks, fuch as hom-ftone, trapp, &c. ; on the other hand 
it has been jumbled together with various mineral fubftances, 
under the vague and unfyftematic appellations of roche cor- 
neenne, petrofilex, and particularly (by German mineralo- 
gical writers) under that of “ hornfehiefer,” or corneous 
flate. This latter was applied by fome mineralogifU to the 
fubje& of this article ; but by others it was iiidilcriminately 
given to hornblend-flate, to varieties of clay-flate, to mica, 
and to porphyry-flatc ; whence profeflor Werner, to prevent 
the fame confulion that has been introduced into mineralogy, 
by the term “fhorl,” expunged that of hornfehiefer, (though 
be had made ufe of it himfelf,) applying to the foflil in 
queftion the name of kiefcl-fchiefcr, now generally adopted 
in Germany, and of which “ flint-flate” is a literal traufla. 
tion. The juft mentioned author has divided this fpecies 
into two fub-fpecies, viz. into common flint-flate, and 
Lydian ftone. The latter has been confidered by fome as a 
mere variety of the former ; but there are good rcafons for 
eeping it diftind. See Lydian Stone. 

Common flint-flate occurs generally of a dark grey 
colour, which has frequently an admixture of blue, of red, 
and of yellow \ and thefe tints often pafs over into each 
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other, or are feen feparatefo in the fame fragments, as fpotl 
or ftripes. The blood-reef and brownifh-red varieties are 
the fcarceft. It is found maflive and in rounded pieces; 
which latter have a fmooth furface. Internally it is dull | 
now and then rather glimmering. In fmall fragments its 
fra&ure varies ; it is fometimes fplintery, and imperfedly 
conchoidal, and fometimes paffes into even ; the blaekilh* 
grey variety with the latter fra&ure approaches the Lydian 
ftonr. In large mafles it maoifefts its flatv nature. Its 
fragments are angular and (harp, and but little tranflacid at 
the edges. It is brittle, and its hardnefs nearly the fame as 
that of quartz* Another pretty conftant chara&er of flint- 
flate is its being traverfed by veins of quartz, that are 
often of a greyilh or reiidifh colour. Specific gravity, ac- 
cording to Gerhard, 2.860 ; according to Kirwan from 
2.596 to 2.641. Thofe varieties of flint-flate that have 
been chemically examined are not fufiblc per fe ; nor do they 
much change their colour iu the tire ; the grey becomes 
rather lighter coloured, the black does not appear to be at 
all affe&ed by the heat of the blow-pipe. Wiegleb's ana- 
lyfiB of flint-flate from Fulda (in vol. 1. of Chem. Annalen, 
where, however, it is called hornfehiefer, aud confidered as 
of voleauie origiu ) has given the following refult ; 


Silica 7 y.vO 

Lime 10.00 

Magnefla 4.58 

Oxyd of iron 3.54 


Inflamm. particles 5.02 
98.14 

Flint-flate appears to pafs over into Lydian ftone, into 
hom-ftone, quartz, and particularly into clay-flate $ fo that 
when feen in fmall fragments, it is often difficult to feize 
its diftinguifhing chara&erg. It is found in various parts 
of Germany, Bohemia, Silefia, in Bareuth, the kingdom 
of Saxony, the Hartz, Palatinate, Salzburg, 5 cc. ; and, ac- 
cording to Mr. Jamefon, in various parts of the great trad 
of tranfition rocks in the fouth of Scotland. The geo- 
gnoftic relations of flint-flate are not well afeertained, and 
indeed it is difficult to aflign it a proper place among the 
rocks. It is generally found in huge, cliffy, and craggy 
mafles, particularly on granite and clay-flate, and more 
frequently as beds in tranfition, clay-ftone, grauwacke, and 
grauwacke-flate. From the observations of fome geologifts 
it would appear that flint flate is, in many cafes, to be 
referred to the tranfition rocks of Werner ; and, according 
to Freiefleben, the fpecimens in Lafius’s colle&ion of rocks, 
which by this author are deferibed as varieties of trapp, 
belong to the tranfition flint-flate ; whence its occurring 
ab angular fragments in grey-wacke, and as rounded pieces 
in the old red fand-ftone can be no matter of furprize. 
Moft frequently, however, it occurs in the fhspe of 
boulders, on plains, and in the beds of rivers. 

Flint is ufed, incur military fervice, for the purpofe 
of affixing into a vice made at the top of the cod of amuf- 
quet, or piilol lock ; fo that when impelled againll a piece 
of iieel, called the hammer , it may itrike fire, and ignite 
the gun-powder contained in a pan , concealed by the Dim- 
mer, until the latter is forced backwards on a pivot, by the 
great force with which the cod flrikes againft it ; when it 
not only produces tire, but, by its peculiar form, dire&i 
the fparks towards the priming in tile pan . 

Flints are eafily adapted to this purpofe $ thofe great 
mafles which are found chiefly in chalky foils,* being 
broken by hammers, yield a number of wedge-like pieces. 
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of which the fidcs are trimmed to the proper width, and the 
backs brought into a proper form, which (hould be rather 
concave. This concavity is, however, very little attended 
to, but is of great fervice, fince it embraces the fcrew of 
the vice, and caufes the flint to retain a much firmer hold 
than when its back is made either ftraight, or convex ; the 
latter is a great fault, but is commonly overlooked* 

The proper fizes for flints are as follow ; for a mufquet, 
one inch and five-eighths, for the length, with a width of 
an inch and a quarter $ the thicknefs at the back one-third 
of an inch, and the tapering to be rather fudden than 
gradual, fomething like the end of a chifel. Such flints fit 
well in the vue, being previoufly laid in a bed of thin fhcet* 
lead, or for want of it, in flout leather. The edge of a 
flint, thus formed, is far lefs fubjedt to fplinter, than where 
the angle is more acute. It may perhaps be obje&cd, that 
a thin edge flrikes fire better than a thick one ; but that 
will be for only a feto rounds ; whereas the thicker edge 
refifls better, and preferves an equable facility of fcintillat- 
ing for a long time. All military men mufi know that 
nothing is more adverfe to the operations of a regiment, 
than the. neceflity (which too often occurs in confequcnce of 
the proper form not being fufficiently attended to) for 
men to quit their ranks for the purpofe of either hammering, 
or changing their flints. To the brave man fuch a neceflity 
is painful, as well as dangerous, while to the lefs refolute 
it ferves at leaft for a pretext to pafs into the rear, or 
eventually to relinquifh his poll altogether. 

A carabine flint (hould be one inch and a quarter in 
length, by one inch in width ; that for a piftol, fuch as is 
ufea among our military, ought to be rather more than an 
inch in length, by three quarters in width. In fixing them 
into the vice, great care (hould be taken that their left fidcs 
afs down clear of the barrel, which they would otherwife 
ack very much, and* be themfelves fubje& to fplinter, 
while the cock itfclf might, by being unduly checked, be 
fnapt at its neck. 

When fliuts have a curve, they (hould always be fo fixed 
in the vice, as to give the curve a downward direction ; 
fince, in that way, they a& more forcibly, and offer the 
greateft rcfiftance. Straight flints, after being fo far 
rounded as to yield no (parks, when their chamfered fides 
may have been uppermoft, may be again rendered fervice- 
able by being reverfed, fo as to bring their flat (ides upper- 
moft. Soaking flints in water reftores them partially, pro- 
bably by fupplying them with hydrogen, Dut in a very 
fmall degree, and tnat not permanently* 

The beft flints are fuch as, when a&ed upon by fteel, pro- 
duce ftrong lading corrufcations, which emit a fulphureous 
fmell, and are fumciently large to leave fome little (tain on 
tiffue paper, or on fine lint. Such will not only be found 
to yield a certain fire, but to break up admirably under the 
hammer employed to reduce them to fplinters, and to fit 
them for tne foldier’s ufe. On the contrary, however 
clear, black, and firm a flint may appetr, if its (parks are 
not vivid, and highly fulphureous, it ought to be at once 
thrown afide. 

The hardeft flints being generally the beft, experiments 
were made with agates, cornelians, He. all of which pro- 
duce beautiful fparks, but, being extremely brittle, could 
not be brought into general ufe; however, in fitu&tiont 
where they are obtainable, and where flints are not to be had, 
they become valuable fubftitutes. Various attempts have 
been made to produce flints by means of compofition ; but 
fuch have always proved vitreous, and confequently weak 
both in fubftance, and in the production of (parks. We 
cannot conclude this article without ftrongly recommending. 
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that more attention be paid at our arfenah to the rejection 
of flints of defective form and quality. 

Flints are generally packed in fmall calks, called half* 
barrels, each of which contains, 

Number qrs. lbs* 

Mufquet flints SOOO weighing 3 14 

Carabine do. 3000 2 10 

Piftol do. 4000 2 15 

The tonnage of this article is computed at 28 kegs of 

mufquet-flints to occupy 18 cwt. and ro kegs of piftol* 
flints to occupy 3 cwt. 2 qrs. which our readers cannot 
fail to obferve by no means correfponds with the foregoing 
table of contents. 

Flints, in the Glafs -trade . The way of preparing 
flints for the niceft operations in the glals-trade is this. 
Choofe the hardeft flints, fuch as are black and will refill the 
file, and will grow white when calcined in the fire. Cleanfe 
thefe of the white cruft that adheres to them, then calcine 
them in a ftrong fire, and throw them, while red-hot, into 
cold water ; wafti off the alhes that may adhere to them, 
and powder them in an iron mortar, and lift them through 
a very fine fieve 5 pour upon this powder fome weak aqua 
fortis, or the phlegm of aqua fortis, to diffolve and take 
up any particles of iron it may have got from the mortar ^ 
ftir this mixture feveral times, then let it reft, and in the 
morning pour off the liquor, and wa(h the powder feveral 
times with hot-water, and afterwards dry it for ufe. You 
will thus have a powder for making the purelt glafs, as 
perfectly fine and faultlefs, as if you had uled rock cryftal 
ltfelf. Cramer’s Art of Aflaying Metals, p. 438. 

The wafhing off the ferruginous particles with aqua 
fortis is not neceflary when the glafs intended to be made 
is to be tinged with iron afterwards } but when meant to 
be a pure white, this is the method that will fecure fucceis. 

Flints, the fmall, (harp, hard, vitrifiable (tones which 
often abound in foils of the more thin, poor kinds. 

Flints, oil or liquor of, a name giveh by fome to a pre- 
paration made of four ounces of flints, calcined and powdered, 
and mixed with twelve ounces of fait of tartar ; thefe being 
melted together in a large crucible, by a ftrong fire, run 
into a glals, which quickly and ftrongly altraCts moifture 
from the air, and is entirely foluble in water, except a very 
fmall portion of earthy matter ; this glafs, being afterwards 
powdered and fet in a cellar, runs into an oil per dcliquium ; 
with this ahd the calx of any metal is prepared one of the 
metallic vegetations. If any acid be added to the liquor of 
flints, fo as to faturate the alkali, the flint, which was kept 
diffolved in water by means of this alkali, will be now pre- 
cipitated in the (late of a fine earth, which earth is entirely 
foluble by acids. 

Flint Walls . See Wall. 

Flint Nodules , in Geology, are a phenomenon of a curious 
and important kind, when their regular difperiion through 
the chalk ftvata are taken into conhderation, as well as the 
Angular and fomewhat regular (hapes which they affume. 
The great affemblage of chalk ftrata which form the upper* 
mod but two of the affemblages of ftrata in Britain, as far 
as is yet known, (viz, the London-clay and Bag(hot-fand,l 
abounds with thefe nodules in about the upper naif thereof, 
called the upper or flinty chalk, while the under part, 
called the lower or hard chalk, has few if any flints occurring 
in it, and thefe, at its upper part, if fuch do occur. It is 
well afee ruined, that none ox the chalk ftrata are entirely 
free of minute grains of filiceous or gritty matter in them, 
whence the ufe of chalk or whiting in feowering tin, filver, 
and other reflets antes ; and modern obfervations by Mr. 
Smith and his pupils have (hewn, that where the layers of 
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flint* moft abound, or are neareft together, at they are near 
to the top of the whole feries, that there the intervening 
beds of chalk are moft fret or foft, as well at the whiteft, 
and that from thefe fituations it it, that the writing chalk 
ufed by carpenters, fcc. and the bell for the manufafture 
of whiting for lime for the plafterer** ufei, or for chalking 
land by the hulbandmen, are taker). It has further been 
•bferved, ghat as the flints decreafe in quantity, in defcend- 
ing the chalk feries, that more filiceous grains appear in the 
chalk itfelf, until the flints ceafe altogether, and the lower* 
chalk commences ; which lower chalk is much harder, more 
like lime-ftone, and is more filiceous, which properties 
feem to render it preferable for the common purpofe of 
mortar-making, than the fofter chalks. This hard or 
inferior chalk, ufed for lime-burning in Bedfordlhire and 
the adjoining counties, is called hurlock ; and it isobferved, 
that the beds of this hard chalk become more hard and 
compact in defending the feries, as was a few years ago 
vifible to travellers in the cutting of the new road down 
Ruddle-Hill, a mile from Dunitabie, and as may again be 
ihewn, if the tunnel which has been propofed under the old 
road for avoiding the inconvenient bend occafioned by the 
new one, Ihould be carried into effeft. The hard chalk or 
hurlock continues to incrcafe in its filiceous qualities 
until near the bottom of the feries, where it becomes a 
free-ftone, which is in great repute there, under the name 
of Totternhoe-ftone, which has a (harp and fine grit, and 
inftead of being lime-ftone, pofiefies the properties of a 
fire-font, under which denomination the done of this ftra- 
turn is brought to the metropolis from Ryegate, Godftone, 
and other places on the foutnero (kirt of the North Downs 
of Surry, Thus it appears, that filiceous or flinty matter 
abounds in the chalk, through the whole feries, from the 
land ftrata which lie above it (at Croydon), to the fand 
it rata which lie below it (at Ryegate) j but it is in the 
upper part of the chalk feries collected into nodules and 
layers of flint, and in the lower part of the feries is diftri- 
buted in the mafs of chalk. 

It feems probable, from the obfervations of Mr. Parkin- 
fon, and other late obfervers, that the flint nodules of die 
chalk ftrata, or great part of them, owe their origin, or 
rather perhaps occupy the place of the Alcyonium and 
others of the ztophytic tribes of the primitive creation. 
The vaft number of hollow tubes in flint, which we meet 
with in the chalk pits at Harefield, near Rickmanfworth, 
Herts, and other places, though often miftook for petrified 
bones, feeih to us to be remains of the coralline tribe. 
Echini are often found among the flint'nodules of the chalk 
ftrata, iome of them large and rather of a rude (hape, com- 
pared with the delicate workmanlhip obfervable on many of 
echinus t this kind are found in vaft numbers in the chalk- 
pits about Brandon in Norfolk, and are ufed in building 
walls and houfes, in a neat and very Angular ftyle. 

FLINTSHIRE, in Geography, a county in North 
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Wales, bounded on the iouth and weft by Denhigh- 
Ihire ; on the north by the Iriih fea } and on the north-eaft 
is leparated from Cheftiire by the eftuary of the Dee, At 
an early period this diftriCt formed a portion of the coun- 
try to which the Romans gave the appellation of Ordoviciai 
the inhabitants of which fo eminently diftinguilhed them- 
felves in their pertinacious refiftance to the Roman armi. 
Subfequeut to the Romans leaving the ifland, it long con. 
ftituted the territory known to the Britons by the name of 
Deheubarth ; and (everal ftrong caftles Hill remaining, (hew 
it wasfoimerly a feeneof fanguiuary contention. In the 
time of Henry VIU, when Wales was incorporated with 
England, this was made one of the fix countie.1 of North 
Wales. This county extends in length 33 miles, and (a 
breadth from 8 to 9, containing about 1 60, coo acres of land, 
of which, according to the report to the Board of Agricul- 
ture, only so,ooo are in an arable ftate, 116,000 under 
pafturage, and the remainder in a ftate of wafte. The prin- 
cipal rivers are the Dee, which riling in Merionethmire, 
after running through Denbighlhire, walhes this county, 
and is navigable from Chefter to the fea. The Clwydd has 
its fource in Denbighfhire, and, running in a northerly direc- 
tion, is joined by the Alan below St. Alaph, and falls into 
the Iriih fea. It is alfo wateted by the Sevion, the Wheel- 
er, and a few fmaller dreams. The face of the country ia 
much lefs diverfified than any other Wellh county. A 
ridge of low hills rifes abruptly on the north-eaftern part of 
the county from the Dee, aud, running parallel with that 
river, terminates at the fea. The vale of Mold is a rich 
level country, and the vale, or rather valley of Clwydd, ha* 
has been long celebrated for its piCturcfque beauty. The 
northern part is champagne, and abouuds with corn ; the 
vallies confift of an argillaceous foil, and are productive in 
grafs. The cattle are {mall, but confidered excellent milch- 
ers. Quantities of honey are annually produced, which 
the inhabitants manufa&ure into a kind 01 wine called Me- 
theglin. The hills are barren, but are internally rich, con- 
taining free-ftone, lime-ftone, coal, lead, copper, and cala- 
mine, the ores of which are fmelted, and the metals exported 
via the port of Chefter. The county politically ia divided 
into five hundreds, viz. Colelhill, Maylor, Mold, Preftayn, 
and Rhyddlan, comprifing one city, St. Afaph, one bo- 
rough, Flint, and four other market towns, via. Caerwys, 
Caergwrle, Mold, and Holywell $ andtwenty-eight parilhes, 
23 of which are in the diocefe of St. Afaph, and five in that 
of Chefter. By the returns made under the population ad to 
parliament, in 1801, the number of houfes was 7585, and 
inhabitants 39,622 ; out of which number it appeared 10,332 
were occupied in the labours of agriculture, and 6989 em- 
ployed in trade. Many of the latter find employment in 
the mines and fmelting-houfes, and others in the linen trade, 
a manufactory of which was, by the patriotic exertions of 
Mr. Fitzwiluams, introduced into the county, and hat fince 
fpread, and is at prefent in a flourilhing ftate. The county 
is reprefented by one member in the Britifh fenate. 
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FLOOD, a deluge or inundation of waters. See Di- 

l.UGfc. 

Flood is alfo ufed in fpeaking of the tide. See Tide. 
When the water is at lowed, it is called flood ; when 
rifmg, young, or old flood ; when at higheft, high flood j 
when beginning to fall, ebb-water. 

Fioo v-mart, the mark which the fea makes on the 
(hore, at flowing water, and the higheft tide : it is alfo 
called high-water mark. 

Flood Sand. See Sand. 


YiooD-gate, among Engineers , fignified a gate or 
flnice which can be opened or (hut at pleafure to retain or 
give pgffage to the water of a river liable to be fwollen by. 
floods. Flood-gates are neceffary in many fituationi upon 
rivers where the water is retained for the fervice of mills, 
canals, navigations, docks, flee. 5 in thefe only a certain 
quantity of the ft ream can be employed, and the futplus in 
time of a flood muft be differed to efcape by another paf. 
fage. For inftance, in the cafe of mills upon a large and 
rapid river, the ftreara of water is intercepted by a weir 
ere&ed acrofs it, and penned up the proper height to obtain 
a fufficient fall for the mill, which is fituated by the fide 
of the river, with a channel leading from above the weir, to 
convey the water to the mill, whilft another condu&n it into 
the river below the weir, In ordinary times this arrangement 
is fufficient, for whenever the mill is not in a&ion, the 
water which would otherwife pafs through it, flows over 
the weir, and efcapes into the nver below. Now if the bid- 
den falling of rain, or melting of fnow, caufes a flood in the 
river, it often happens that the length of the weir is insuf- 
ficient to vent the torrent of water coming down t and with- 
out fome contrivance anfwering the purpofe of a flood gate, 
to give paffage to the water, it becomes penned up many 
feet above the crown, or higheft level of the weir, inun- 
dating the lands adjacent to the channel, above the weir. 
If the river is provided with a proper flood-gate, it a&i, 
when open, in the fame manner as removing a part of the 
weir, and allows the water to pafs down quietly without 






timet. From this, the ufeof a flood-gate will be compre- 
hended \ navigable rivers, which are penned up to form 


locks, require flood-gates, which are applied in the fame 
manner as before-mentioned. 

Flood-gates may be conftrufted in various forms ; but it 
is indifpenfable that they Ihould be capable of being 
opened or (hut daring the time when a preffure of watet 
is acting againft them. Small gates are always made to Aide 
up and down in a groove in the manner of a (Juice ; fome 
very confidcrable rivers are fumiftied with a number of fuch 
fmall draw-gates, which open a great extent of water, 
when drawn up. In the molt extennve woiks it is neceffary 
to make ufe of a different kind of gate, which can be 
opened or (hut with greater eafe than a number of (buttles, 
and which will lay open a more extenlive paffage ; for in 
violent floods it is not uncommon for large tree 3 ,bu(hes, hay 
ricks, thatched roofs of low buildings, Sc c. to be brought 
away by the torrent 5 and if the flood-gates have any ob- 
ftru&ion, thefe matters accumulate before the paffage, and, 
when the flood lafts long, frequently choak up tne gate, 
and the water overflows its banks. To avoid fuch accidents 
is the ftudy of the engineer in conftrufting works ot this 
kind ; the late Mr. Smeaton deflgued feveral flood-gates, in 
which the preffure of the water was balanced, fo that the 
gate at any time could be opened or (hut with eafe, even 
while the preffure of the water was ading againft it on one 
fide only. Figures 5 and 6 of Plate XV, Mifcellany, is a plan, 
and Jig. a. an elevation of this contrivance ; AABB repre- 
sents a channel made through the weir, or, if more conve- 
nient to fuit the local circumitances, it is made by the fide 
of the river, leading from above the weir to below it : this 
channel muft be fubftantially built in mafonry to refill the 
violent a&ion of the water rufliing through it when the 
gate is opened $ in fome convenient part of this paffage a 
Bout beam C is placed acrofs the bottom, and another, LX, 
acrofs the top, both firmly bedded in mafonry ; thefe fup- 
port the gudgeons of the vertical axis E of the gate F E. 
When this gate is turned fo as to prefeut its edge to the 
current, the water has free paffage by it, and on the other 
hand, when it is placed perpendicularly acrofs the channel, 
the whole of the water is detained : the axis of the gate is 




preffure of the fuperfioief expofed to the a&ion of the wa- 

ters and tithe preffure of tne furfaces on each fide of the 
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•nit aft to turn the gate in contrary dire&ions, they balance 
each other, and the gate may be turned with fcarcely any 
other refiftance than the fri&ion of its gudgeons. The gate 
muft neceffarily be framed exceedingly ftrong to bear the 
great weight of the water a&ing againft it, without 
yielding. G, H, are two ground-dlls firmly bolted down 
\ipon the floor of the conduit and the piles which are 
beneath it ; one of the anns of each of thefe dlls fupport 
the gate when fhut, and the other arms fuftain it when open, 
as is clearly (hewn by the figure j thefe mull be very firmly 
fixed to avoid any danger of the gate removing them ; one 
of the upright iidesof the gate is fupported by falling into 
a rceefs maae in the mafonry of the conduit, and to keep 
the other fide of the gate up to its cill, a lever, called a vallet, 
which is in the form of a triangle I K, and moves upon a 
vertical axis placed in a recefs in the mafonry fo as to be out 
of the way of the gate's motion, when placed in the por- 
tion atjfg*. 5, leaving the gate at liberty to open \ in the 
other pofition it a£ts as a lever to dole the gate, being 
drawn tight by tackle, and afterwards lafhed by a fmall 
line to the beam IX The gate is retained fhut, but can be 
opened inftantaneoufly by cutting the line ; and as the gate 
is made rather larger on the fide of the axis where the 
vallet is placed, that it may have a tendency to open when 
relcafed by the preponderating preflure on one fide. The 
gate in queftion in 15 feet in heigh*, and the fame in breadth ; 
when open, it allows two paffages of 15 feet by 6 feet 
3 inches in width ; the gate is to be (hut by the application 
of a capllan and blocks, for which purpofe eye-bolts are 
provided on the proper points of the gates and beam D. 

This gate, though very proper for large rivers where 
a watchman muft be in conftant attendance to open and fhut 
it when neceffary, is not fo applicable as a common fluice 
to a fmall mill-dam, where, if a fudden flood occurs in the 
night, the miller muft rife to open the gate ; and, unlefs he 
conftantly attends to (hut it when the flood fubfides, the 
mill-dam may be emptied and the water loft, which he 
would wifh to referve for the enfuing day. Great com- 
plaints are frequently made in the country of lands being 
overflowed in the night when the miller is not in the way 
to open his flood-gate; to remedy this a fclf-a&ing flood- 
gate would be deiirable, and we beg leave to fuggeft the 
following. L.et A A, fig. 7. be a gate fimilar to the one 
before mentioned, but of imaller dimenfions, and poifed upon 
a horizontal axis palling rather above the centre of preffure 
of the gate, fo as to give it a tendency to (hut clofe : a a is 
a lever fixed perpendicular to the gate, and coone&ed by an 
iron rod with a calk b floating upon the furface of the 
water, when it r.fes to the line B D, which is affuroed as a 
level of the weir or mill-dam BC E F, in which the flood- 
gate is placed ; by this arrangement it will be feen, that 
when the water rifes above the dam, it* floats the caflc, 
opens the gate, and allowing the water to efcape until its 
furface fubfides at the proper level B D; the calk now a&s 
by its weight, when nnfupported by the water, to clofe the 
gate and prevent leakage ; the gate (hould be fitted into a 
frame of timber M K, which is fet in the mafonry of the 
dam, the upper beam H of the frame being juft level with 
the crown of the dam, fo that the water runs over the top 
of the gate, at the fame time that it paffes through it ; to 
prevent the current difturbing the cam it is conneAed by a 
fmall rod e at each end to the upper beam H of the frame, 
and jointed in fuch a manner as to admit of motion in a ver- 
tical dire&ion. a 

This flood-gate would be vety ufeful iu mill-dams of 
fmall dimenfion, which are therefore liable to be fuddenly 
overflowed, for being felf-a&ing, it requires «o attendance* 
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and from its (implicity is not very liable to be deranged, 
as before mentioned ; for large rivers the principal object is, 
to open a great extent of water-way, which will admit the 
paflage of large bodies brought down by the dream ; Mr. 
Smeaton’s gate above mentioned, as the axis is always in the 
channel, would be liable to be choaked by trees, flcc.j for 
this reafon large fluices or (buttles are very generally 
adopted, though the great power and expeniive machinery 
required to raile fuch gates are an otfie&ion. 

A flood-gate lately ereCted by Mr. Bramah is the mod 
perfect in this refpeCt of any that we have met with ; it is 
railed (on the hydroftatic principle which he has fo fuc- 
ceitfully applied to many other ufeful purpofes) with fuch 
facility, that a paflage 19 fivt wide, and 10 feet high, can 
be opened by one man in 15 minutes, and this when the pref- 
fure of 1 o feet of water is acting on one fide only. Fig. 8 is 
an elevation of this gate, and fg. 9. an horizontal fcttion ; 
A, A, represent two large beams which are partly received 
into the malonry of the conduit ; the lower ends are framed 
into a ftrong ground-cill B, and the upper ends cotiuedcd 
by a framing ; this forms a frame in which the gate rifes 
and falls : it is guided in its motion by two iron plates a , a, 
bolted to the fides of the gate, forming a groove, as (hewn 
in the plan. Two fquare pieces of call iron, denoted by b t b, 
and the dark thading in the plan, are bolted againft the 
infide furfaces of the beams A, A, and received into the 
grooves of the gate, to confine it to move in a vertical di- 
rection : thefe pieces of iron have cylindrical chambers 
through them, as (hewn by the fmall white circles in the 
plan, to admit two polifhed iron cylinders </, d y attached to 
the end of the upper rail D D of the ornamental framing 
on tbc top of the gat ej a clofe fitting is made round the 
cylinders d , d % by leathers confined with ferews to prefs 
againft them at the top of the iron barrels, fo that no fluid 
can pafs out of the chamber in the barrels b> b ; <r, e , in the 
plan, are two fmall pipes communicating with the chambers 
at the bottom of each barrel, and thefe pipes are united at 
f y proceeding to a pump, by which water is injeCfced into 
the two chambers together ; and as this fluid is incompref- 
fible, it follows that the cylinders d> d , muft be forced out 
of their rcfpeCtive chambers railing up the gate. As the 
area of the pump is much lefs than that of the cylinders, 
and as it fupplies two of them, it follows that the motion 
of the pifton of the pump will injcCt fuch a quantity of 
water as, when diftributed into the two chambers, produces a 
very fmall protrufion of the cylinders ; it is on this princi- 
ple of the differences of the two motions that the power is 
gained : the area of the pump in the prefent iimance is 
.7854 of a fquare inch, and the cylinders about 7.07 fquare 
inches, or nine tifaes as much ; by this means a power is 
gained in the two cylinders equal to 18 times the force 
exerted upon the pifton of the pump, whfch being moved 
by a lever multiplying the power ten times, the power of 
a man applied to the pump is increafed 1 80 times ; fo that 
a weight of ioolbs. applied to thelever, will raife 18,000 lbs. 
on the pifton rods. 

The pump may be placed at any convenient diftance 
from the gate, a fmall copper tube only half an inch 
diameter conducting the water into the cylinders in many 
fituations this will be extremely convenient, as it obviates 
the neceflity of an expemfive fcaffold or framing over the 

S te, which is indifpenfable in other fluices to fupport the 
>ourers and the machinery for drawing up the gate; the 
pump is explained by 10. and 1 1 . on a much larger fcale 
than the other parts \ h is a ciftern containing water, and i the 
pump-barrel fixed perpendicular in it j the plunger or pifton g 
19 fdlidi and leather packed round it it a manner Something 
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When they ire dawelled, they may be nailed on one ar 
both edge*, though one edge only i* neceffarv \ and in the 
beft dowelled work there are no brad* or nail* teen whatever, 
the outer edge being fattened by driving the nail obliquely 
through the wood, without piercingthe upper furface ; fo 
that the floor, when planed off, appear* without blemiih. 

In laying boarded floors, the board* are fometimes laid 
one after the other $ or otherwife one i* flrft laid down, 
then the fourth,, leaving an interval fomewhat lefs than the 
breadth of the fecond and third together. The interme- 
diate boards are next laid in their place*, with an edge of the 
one upon the edge of the flrft board, and an edge of the 
third upon the inner edge of the fourth, and the two mid- 
dle edge* together, which will form a ridge; to level which, 
two or more workmen jump upon it, till they have made 
the under furface coincident with the joifts, then they are 
nailed down in their places. The operation is called fold- 
ing floors, and the boards are faid to be folded. This mode 
is only taken when the boards are not fufficicntly feafooed; 
or fuipe&ed to be fo. In order to make clofe work, it is 
obvious that the two edges forming the joint of the fecond 
and third boards muft make angte 6 , with the faceB, together 
lefs than two right angles, or each one of each board lef* 
chan a right angle. The feventh board is fixed as the 
fourth, and the fifth and fixth inferted as the fecond and 
third, and fo on till completed. In this kind of flooring 
the headings are generally fquare or fplayed. 

When floor* are dowelled, the regulating line for the 
centre of the dowels fhould be drawn from the lower fide, 
which, as has been obferved, ought to be ftraightened on 
purpoie. The diftances to which the dowels are fet, are 
from fix to eight inches, generally one over each joift, and 
one over each inter-joift. 

When it is neeefiary to have a heading joint in the length 
of the floor, it (hould always be upon a joift ; one heading 
joint (hould never meet another. In dowelled floors the 
heading points are always plowed and tongued. 

In common floors the boards are adzed on the lower fide, 
in order to bring them to a thicknef* between rebated 
edges. In doing this, great care (hould be taken fo as not 
to make them too thin, which is frequently the cafe ; they 
muft then be raifed with chips, which is a very unftable rc- 
fiftance to a preffure upon the floor. The manner of mea- 
furiog floors is by fquares of ten feet on each fide, fo that 
taking the length and breadth, and multiplying th*m to- 
gether, and cutting off two decimals, the content of a floor 
tn fquares will be given. Thu* 18 by x 6 gives *88 of 
2 fquares and 88 decimal parts. 

Floors, Earthen, are commonly made of loam, and 
fometimes, specially to make malt on, of lime, and brook- 
fand, and gun-duft, or anvil-duft from the forge ; the 
whole being well wrought up and blended together with 
blood. The lifting* of lime Hone have alfo been found 
highly ufeful when formed into floor* in this way. 

Ox-blood and fine clay, tempered together, fir Hugh 
Plat fays, 'make the fined floor in the world. The prin- 
cipal obfc& iri Con ft ruling floor* of this nature is that 
or blending and incorporating the different fubftance* hr 
a full and perfe& manner for fome time before they are 
laid; and when that is done they (hould be repeatedly beaten 
down' and rendered perfefUy fmooth andeven. 

The maimer of making earthen floor* for plain country 
habitation* i* a* follow*. Take two-third* of lime, and 
one of coal i(be* well lifted, with a final! quantity of 
loam clay f mix the whole together, and temper it well 
with water, making it up into a heap; let it lie* week 
or ttn day*, and thin temper it om Again. After this, 
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heap it up for three or four day*, and repeat the tem- 
pering very high, till it become fmooth, yielding, tough, 
and gluey. The ground being then levelled, lay the floor 
therewith about t \ or 3 inches thick, making it fmooth 
with a trowel : the hotter the feafon is the better ; and 
when it is thoroughly dried, it will make the beft floor for 
houfes, efpecially malt-houfes. 

If any one would have their floors look better, let them 
take lime made of rag-ftones, well tempered with white* 
of eggs, covering the floor about half an inch thick with 
it, before the under flooring is too dry. If this be well 
done, and thoroughly dried, it will look, when rubbed 
with a little oil, a* tranfparent as metal or glafs. In elegant 
houfes, floors of this nature are made of ftucco or of 
plaiftcr of Paris beaten and fifted, and mixed with other 
ingredients. Well wrought coarfe plafter likewife make* 
excellent fafe upper-flours, for cottages, out* houfes, &c» 
when neatly fpread out ujpon good ifrong lath* or reed. 
See PLASTER-itf-wr. 

Floor of a Jbip, (triply taken, is only fo much of her 
bottom winch (he refts on, when aground. 

Such (hips as have long, and withal broad floors, Ke on 
the ground with moil fecurity, and are not apt to feel, or 
tilt on one fide ; whereas others, which are narrow in 
the floor, or, in the fea phrafe, cranked by the ground, 
cannot be grounded without danger of being over-turned. 

Floor timbers , in a Ship , are thofe parts of a (hip’s 
timbers which are placed immediately acrofs the keel, and 
upon which the bottom of the (hip is framed ; to thefo 
the upper parts of the timbers are united, being only z 
continuation of floor-timbers upwards. 

Floor, in Mining , or foie, thill, or pound ftone, fignifie* 
the bottom of the work in a mine, or in coal-mining, 
the ftratum immediately under the coal-feam; which if 
foft, the upper part of it for fix or eight inches in height 
generally is M holed in,” a* the colliers call it, that is, the 
fame is picked out in order to undermine or loofen the 
coal, but if the floor be hard, as clunch is, the holeitig or 
picking is then made in the bottom or fome inferior bed of 
the coalitfelf, in order to under-go or give room for wedging 
down the blocks or webs of coal. In examining aud com- 
paring the finkings of the numerous coal-pits in Derbylhire 
and Nottinghamfhire, Mr. Farcy lately discovered, what 
feems likely to prove a general and important geolo- 
gical fa&, viz. that the floor of every ccal is a fire-clay, 
more or lefs thick, more or lefs perfect in its infufible 
property, and more or lefs indurated ; fometimes being 
m a foft or du&ile ftate, when it is called (loam, fpavin, 
fire-clay, pipe- clay, (if white,) pottery-clay, brick-day, 
at others, in an indurated or almoft ftony ftate, but which 
it quickly lof s and falls to clay, on expofure to the atmo» 
fpheie, in which cafe it is called cluncb, which is the name 
that the floor of coal moft generally bears. Thi* new fa& 
appears to throw a great degree of light on the new theory 
of the formation of coal, near the end of our article 
Colliery, by rendering it probable that the growth of the 
fubaoneous beds of vegetable* there fpoken of were pro- 
duced by this peculiar fubftance as tlnsr foil or pabulum. 

Floor-, a foperticial meafttre of 400 fquare feet or 
docking, i* a fquare whofe fide is 20 feet, and occur* in the 

S of the fen-banks, and in other work* on the fen* of 
rtdgefhirt and Norfolk, Sc c. 

Floor, a folid meafure of 400 cubit feet, or a fuper- 
ficial floor, one foot thick, tried in me* Curing the pits dug 
to obtain earth for forming the bankii againft the tide of 
rivet* in the fen* on the eattetn ceaft (Smeaton’s Report*. 
TtU p.330.) 
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FLUOR, in Phyflcs, See. denote* a fluid ; or, more pro- 
perly, the ftateof a body* which was before liaid and folid, 
but i$ now reduced, by fufion of fire, into a Rate of 
fluidity. 

Gold and filver will remain a long time in fluor, main- 
tained by the intenfcil heat, without loiing any thing of their 
weight. See Gold, Fixity, &c. 

The word fluor is applied to fignify the habitual fluidity 
of any Jubilance, or that property by which a fubftance 
cannot be rendered folid, and is employed as an epithet to 
diitinguifh fuch fubftances from orhers of the fame kind, 
but which are habitually fotid, or which may be rendered 
(olid. 

Fluor, in Mineralogy, a fpecies of the calcareous 

f enus, being a combination of lime and fluoric acid, and 
ttown by the chemical appellation of/liiate of lime. The 
more familiar names under which it pafles in molt countries 
are Jlufs and fluor , denoting the life to which it is fre- 
quently applied as a flux of various ores. Befide thefe, 
there are a variety of other names that have originated in the 
flrnilarity of its colours, (particularly thofc of the fluor- 
fpar,) to the beautiful tints of feveral of the Hones called 
precious; fuch are fulfs emerald, hynrnlh, l (-pares, beryl, 
chryfolitc , &c. Indeed there is no mineral that may equal 
fluor in the varied beauty of its hues ; the fuite of its co- 
lours is almoft fufficiently comprehenfivc to be formed into 
a chromatic feale. It is referved for uicer chemical obfervt- 
tion to difeover the nature of this variowfly modified C0- 
louriug principle, which is more fugacious in fluor than in 
molt other minerals, but probably always correfpondi ng 
with the nature of the metallic fubftances that accompany 
fluor in the bowels of the earth. 

Fluor has been divided by Werner into three fub-fpecies, 
namely, earthy , compact , and fpathofc jluor. The firft, alfo 
known by the name of the phofphordccnt earth of Maritta - 
rojh , was clafled with the fluates of lime on the authority 
of Pelletier ; but the late analytical experiments of Klaproth, 
who found 3 2 parts of pholphoric to two of fluoric acid, 
{hew the ncccflity of reftonng it to the phofphates of limes, 
to which it was firft referred ! Mr. Jamclon appears to 
have had bis doubts refpe&ing this fubftance ; he does not 
deferibe it as a fub-fpecies of fluor, nor does he enu- 
merate it among the phofphates of lime. See Phos- 
rHoaiTe. 

I. Compaff Jluor. This is rather better underftood ; but it 
appears that mineralogifts are tery apt to confound the term* 
“ compaft” and w ma(Tive ,> alfo in fpeakingof fluor;, whence 
maflive fluor fpar has been deferibed as Werner’s compact 
fluor. This latter occurs but rarely, having hitherto been 
found only at Stollberg and Strasiberg in the Hartz, and 
at Yxfio and Norbergin Sweden, to which habitats we 
may perhaps add Sehlackeuwalde and Krimau in the Saatz 
circle of Bohemia, and Schwar/ieogang in Salzburg. 
The following external characters appear the molt im- 
portant. 


Its colour is generally light greyifh-green, pafling fome- 
times into greenifh- white, fometimes into blueiih-grey, ap* 
proaching to verdigris green, and it is alfo found redd i in. 
Not leldoin fevoral of thefe fliades are mixed in fpots in one 
and the fame fragment, now and then with the addition of 
accidental yellowilh and brownifh fpots. 

It occurs maflive only. Fradturc more or lefs even, ap w 
proaching fometimes to flat conchoidal, fometimes to fplm- 
tery, even to foliated. The fragments are indeterminately an- 
gular with pretty {harp edges, and more or left tranflucent 
in the fame piece. 

It is feebly glimmering, almoft dull. Half-hard, fcarcely 
fcratched by fluor fpar, brittle, eafily frangible. Its fpecific 
gravity, if Kirwan’s compact fluor be the fame as the one 
here dcicribed, is 3.120 to 3.165. 

This fub-fpecies, to a fuperficial cbfenrer, appears fome- 
times like horn-ftonc, fometimes like compaft lime-ftone 5 but 
the above external charafters (to which may be added the 
phyfical one of its (hewing a weak phofphorcfcence when 
laid on ignited coal) keep it fuflicicntly aiftinft. Its geo- 
graphic fituation has been given above. Its geognoftic 
Situation at Stollberg is in a vein, in grcywack" ; it is 
found with fluor fpar (its conftant companion), fome 
copper pyrites and barytes. At Kviman in Bohemia it was 
found by Dr. Rcufs in gneifs, in which it is fometime* 
feen as thin laminae between the layers of quartz and 
fcldfpar. 

It is, together with fluor fpar, made ufe of as a 
flux. 

2. Tier fparry Jluor, or Jluor fpar, which, befidcs the above- 
mentioned general names, is alfo known under thofe of cuhio 
fluor , glafs Jluor , phofphorefcent fpar , /path vitreux , /path 
fufxhle, &c. 

Its principal colours are, 1. White, fuch as greyifh, 
greenifh, yellowifh, and reddiih -white, pafling .into 2. Red % 
particularly rofe red of various intensity, carmine. 3. Grey f 
greenifh, ycllowifti, fmoke, and pearl-grey. 4. Blue 9 
lavender, azure, fmalt, fky-blue, Pruffian and violet .blue, 
the two latter appearing fometimes nearly black. 5. Green . 
verdigris, feladon, mountain, emerald, grafs apple, leek, 
piftachio, and olive green. 6. I'clioiv, wine, wax, honey yel- 
low. 7. Brown, ycllowifti, and clovt -brown. All thefe co- 
lours will frequently pafs into each other, and even thofe leafl 
related to each other arc fometimes feen together in the 
fame fpecimeus in fpots and flakes, and in ftripcs that often 
appear like fome kinds of alabaftcr, whence Rome de PIfle 
called a variety of fluor, alabatre vitreux . The colouring 
matter of fome of them is very fugacious, efpccially that of 
the fky-blue variety, which is often feen to fade merely 
by being expofed to the ntmofpheric air. Of the 
above colours, the white and violet blue arc the more 
common. 

Fluor fpar is found maflive and difleminated, and mod 
commonly cryllallized, but it has not been obferved, 
except in one infUnce to be mentioned hereafter, in thofe 
imitative fhapes, (fuch as dentiform, branched, ftalaftitic. 
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«(?.) ip which the carbonates and fulphates of lime, 
nod other cryiiallizable earthy fuhftances fo frequently 
Occur. 

Its primitive form it the odlaedron. j^.s to the determi- 
nation of the integrant molecule fome difficulty has arifen. 
The odiaedron, we know, cannot be fub-dividea into folid* 
or the fame form ; the laft term of mechanical divifion we 
arrive at is that into other oflaedrons accompanied by tetrae- 
drons ; fix of the former and eight of the latter being dif- 
pofed in fuch a manner as to form in all dire&ions acute 
rhomboids. If we iftiagiue either all the oftaedralor all the 
tetraedral particles removed, thofe of the fame kind that 
remain will ftill be in exadt connexion by means of their 
edges. Of the latter circumftance Hatiy has ingenipufly 
availed himfelf to reconcile this refolutkm of the odhedrai 
eryital into two kinds of folids, with that principle according 
to which all the integrant molecules of a cryftal mull be 
ueceffarily fimilar. He fuppofes that, could we caft a look 
into the primary conftrudlion of the o&aedral cryftal, and 
fob-divide it to the utmoft limits, we (hould find the whole 
fubftance pervaded either by tetraedral or odtaedral vacui- 
ties ; if the former, the whole would be compofed of 
odtaedral elementary particles, if the latter, the tetraedron 
would exclufively conftitute the integrant molecule. 
Now as, according to Haiiy’s dodtrine, this molecule is 
eonftantly either the parallelopipcd, or the triangular prifm, 
or the tetraedron, analogy has in this cafe decided in favour 
of the tetraedron, which is now confidered as the integrant 
molecule of fluor, inftead of the odtaedron. It was 
Werner who firft obferved the tetraedral and odtaedral frag- 
ments which refult (according to his terminology) from 
the fourfold cleavage prefented by the foliated fradture of 
fluor. 

The principal forms of the cryftals of fluor-fpar, with 
their modifications, confidered, not according to their 
origin, but to the manner in which they prefent themfelves 
to the eye, are the following : 

1. The perJeB cube ( chaux Jluatee cubique , Haiiy.) It is 
fometimes elongated ; palling horn the cubic form into that 
of a rectangular four-lided prifm, generally with two of its 
lateral planes narrower. We have feen fpecimens of the latter 
variety from Cumbeiland ; it is alfo found at Schemnitz and 
Nertlhinfk. 

2. Cube with all the edges truncated (chaux Jluatee cubo- 
dodecacJre , Haiiy). 

3. The preceding with planes of truncation fo much 
increafed that the rhomboidal or garnet-dodecaedron is 
formed (chaux Jluatee dodecacdrc , Haiiy.) 

4. Cube with all its edges bevilled ( chaux Jluatee border, 
Haiiy). 

5. The preceding, with bevilling edges fo much enlarged 
as to convert each plane of the cube into four triangular 
planes (chaux Jluatee hexatetraedre, Haiiy). What has Been 
deferibed as perfedt cube with convex planes, we fuppofe to 
be this modification indiftindtly formed. 

6. Cube with all its folid angles flatly acuminated by three 
planes, placed on the lateral planes of the cube. 

7. Cube having its angles acuminated by fix planes, 
placed on the lateral planes. We do not know where the 
preceding and this variety occur ; Emmerling informs us, 
that in the latter the fix acuminating planes fometimes com- 
pletely engrofs the planes of the cube. 

& The cube truncated at all its folid angles (chaux 

Jluatee tubo*o8aidre } Haiiy.) If the triangular truncating 
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planes do not meet, the planes of the cubes are o&agoos % 
if they meet exactly, thofe planes are fquarts \ if afi thd 
truncating plane* encroach on each other thefe become 
hexagons, while the planes of the cubes remain fquares | 
when they encreafe ftill more the 

9. 0 Bat dr on, with fix truncated angles, is formed; in 
which the truncating planes are the fix planes of the cube \ 
in the fame manner as the truncations at the eight angles of 
the cube N J 8. are the eight planes of the odtaedron. 
When the truncating planes of the modification N° 8. enlarge 
fo much as to caufe the faces of the cube entirely to dif- 
appear, 

10. The perfedt odtaedron, or double four»fided pyramid* 
is formed (chaux Jluatee primitive , Haiiy.) 

IJ. Odtaedron with truncated edges (chaux jluateg 
emarginee , Haiiy.) 

12. Odtaedron with both angles and edges truncated. 

13. The elongated odtaedron with four broader aud four 
narrower planes, terminating in a ridge. 

No. 1. is by far the moft common of all the modifications 
of cryftallized fluor fpar. No. 3. is very rarely met with ; 
it was found by M. Subrin between Breuil and Charecey 
on the way to Chalons. Of No. 4. the moft interefting 
varieties occur in Cornwall. From the geometrical figure 
in plate 73, of that ufeful work “ Britilh Mineralogy, it 
appears, that Haiiy’s chaux fl. bordee occurs in Cornwall, 
with the eight angles truncated, parallel to the odtaedron, 
by which a cryftal of 38 faces is formed. Of No. 10, the 
perfedt odtaedron, the moft beautiful variety is the rofe- 
coloured one, found in the neighbourhood of Mont-Blanc* 
It alfo occurs in beautiful cryftals in England, on Mount 
St. Gothard &c. and Mr. Sowerby is, we fuppofe, the 
fir ft who has noticed the fmall violet variety of this modifi- 
cation found in Aberdeenfliire. 

To the above may perhaps in future be added the follow- 
ing unufual modifications. 1. The tetraedron with faintly 
truncated edges, mentioned by Mr. Mohs as exifting in 
the colledtion of Mr. Vonder Null: the truncating planes 
are ftated to correfpond to thofe of the cube. 2. The 
rhomboid (one of the forms which fragments of fluor-fpar 
frequently exhibit, and which may be confidered as an 
odtaedron, with two tetraedrons applied to two of its 
oppoiitc planes) is faid to have been found as cryftal. 
The third, mentioned by Emmerling, is the double eight- 
fided pyramid, acuminated at both extremities by three 
lanes placed on the alternate lateral edges. It is faid to 
ave been found in Saxony, and is in the colledtion of Count 
Wrbna at Vienna. 

The crvftals of fluor fpar are of various fize ; the 
perfedt cubic is feen from five inches fquarc to extremely 
minute, and fcarcely diftinguifhable. They are found diftindl 
and aggregated in various diredtions 5 fometimes globularly 
aggregated. Their furface is generally fmooth and fplen- 
dent ; but fometimes perfedUy dull. They are not feidom 
covered .by aa opaque craft of various colours, particularly 
blueilh-green 5 often they are drufy, and fometimes orna- 
mented with a beautiful golden and pavonine tamifli; of 
which latter we have a fine fpecimen before us. Internal 
luftre fjplendcnt, fometimes Amply Ihining, according to 
the various degrees of perfedtion of the foliated fradture ; 
it is vitreousi rather inclining to pearly ; in fome varieties 
even an adamantine luftre has Been obferved. 

Fradture more or lefs perfedUy foliated, almoft always 
flraight, feidom curved-foliated, fometimes approaching 
to vitreous \ it prefents a four-fold equiangular cleavage* 
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The form of the fragments has been mentioned in {peaking 
of the integrant molecules. The maflive is generally feen 
in granular diftinft concretions of various bignefs ; and 
fometimes it appears in columnar concretions, and radiated, 
interfered by curved lamellar diftinft concretions. 

Degree of tranfparency according to the differences in the 
colour and frafture \ fomc varieties, particularly the white 
or colourlefs, pcrfeftly tranfparent ; others entirely opaque ; 
moft commonly it is lemi- transparent. 

Ita hardnefs is greater than that of calcareous fpar ; but 
k is fcratched by iron ; it is biittle, eafily frangible, and 
not very heavy 5 its fpecific gravity i.% 

a. 092 (from Stoll berg) 1 ~ „ 

3.. 4* (from Freiberg 8 ) } GelIcrc ' 

3.1 56 to 3.184. Mufchenbroeck. 

3.175 (the green var.) Blumenbach. 

3.200 to 3.700. Gerhard. 

Other phyfical charafters are its phofphorefcence when 
laid on ignited coal; the fky and violet blue and green 
varieties nave been obferved to emit the molt vivid phof- 
phoric light. The variety from Siberia, called chlorophane, 
when put on ignited coal, does not decrepitate, but emits 
a beautiful emerald green light, which has procured it its 
name. A flight phofphoreicence is likewife obferved when 
two fragments are rubbed agamfleach other in the dark. 

As chemical charafters of fluor-fpar, we have to mention 
its decrepitation before the blow-pipe, (which, however, 
is not the cafe with the Siberian chlorophane,) and fub- 
fequent lofs of colour, and its melting, (particularly with 
addition of borax or phofphoric acid,) into a grey ifh- white 
euainel ; as alfo its emitting fuffocating white vapours 
(fluoric acid) when afted upon by fulphuric acid. 

The conftituent part of fluor-fpar, according to Scheelf, 
the celebrated clifcoverer of a peculiar acid in this mineral, 
were ftated to be, 

Lime 57 

Fluoric acid 16 
Water 27 

After him, Wenzel, Richter, and but lately Klaproth, 
have analyfed this fubftance, and obtained the following 
refults. 

Fluoric acid 32^ 

Calcar, earth 56$ 

Iron and alum earth io| 


100 

Wenzel, 1783 

Fluoric acid 35 

Calcar, earth 65 


100 

Richter, 1785 

Calcar, earth 67.75 

Fluoric acid 32*25 


100 

Klaproth, 1807. 

regard to the gcognijlic Jit nation of fluor fpar much 
d future obfervation* We know, however, that it 


does not only occur in veins, but likewife as beds, principally 
in mountains of older formation. In Derby (hire it appears 
to form large irregular depofitions in fletz lime-ftone, and 
alfo in Thuringia and at Ziimwald in Bohemia it occurs in 
beds. More frequently it is met with in^ veins of different 
relative ages, accompanied with feveral important nfetallic 
formations* The oldeft, confifting principally of tin ftoue. 
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occurs at Zinnwald, and in other parts of the Bohemian and 
Saxon Ertzgebirge : and a vein formation, equally old, it 
found in Switzerland, where the veins confift of fluor fpar, 
feldfpar, rock cryftal, See. The fecond in antiquity appears 
to be that which, accompanied with lead and fllver ores, and 
fometimes with barytes, forms the fubftance of veins at 
Freiberg and other parts of the Saxon Erzgebirge, and alfo 
partly in Dcrbyfhire, A third vein formation, found in the 
lower parts of the Hartz, confills chiefly of fluor fpar with 
copper and iron pyrites, galena, fpathofe iron, Sc c. The 
different ages of the venigenous fluor fpar have firft been 
examined into by Werner. We fliould alfo mention here 
that the variety of fluor called chlorophane is found in a 
granitic rock in Siberia ; and Andrada f peaks of a va- 
riety he faw in S weden (in the diftrift of Not berg) mixed 
in large maffea with mica flate. 

A Tift of localities of fluor fpar may be found in all books 
on mineralogy ; indeed, it is met with in moft parts of 
Europe, though in fomc it is found in no confiderable 
quantity. England and Saxony are the principal native 
places of this interefling mineral fubftance. In Scotland it 
is very fcarce; the only localities known to Mr. Jamefon are 
Aberdeenfhire and the Shetland iflands. We know of no 
fpeciinens from any part of America or Africa; in the 
northern parts of Afia, Patrin found it in fmall quantities in 
two mines, viz . in the filver mine of Zmeof, in the Altaic 
mountains, where it occurs mixed with the other vein- ma- 
terials ; and in a lead mine in Dauria, near the river Amur, 
where, if Patrin’s obfervation be correft, it coats the Imall 
cavities of the vein ftone, in the .fliape of a thick loiroidal 
cruft. 

The ufes to which fluor fpar is applied, though not ma- 
nifold, are not unimportant. The coarfer kinds are 11 fed 
as fluxes to metallic ores, particularly copper, iron, and 
filver. Chemifts obtain fluoric acid from it. The life 
made of it in this country, (particularly of the variety called 
blue jack by the Derby (hire miners,) for ornamental vafes, 
columns, &c. is generally known. Mr. Mawe, in his « Mine- 
ralogy of Dcrbylhire,” has given an account of the mode 
of working it. Several attempts have been made in France 
to manufacture the fluor fpar of Auvergne into iimilar ar- 
ticles of ornament $ but it appears as if the nature of its 
frafture renders it lefs fit for the lathe. 

Fluor fpar is fcldom feen to eouftilute the fubftance of 
organic remains. We find inflances of this converfion men- 
tioned in Mr. Martin’s u Outlines: 99 the remains are chiefly 
thofe of entrochitie. Alfo Dr. Kidd, in his “ Outlines, 

& c.” deferibes a bivalve (hell in the Oxford colleftiou, 
converted into fluor fpar with impel left ciyftals of uearly 
colourlefs fluor in the interior. 

We fliould net omit mentioning in this place thofe cor* 
roded cubic cryftals of fluor fpar, of a yellow ifli-grey colour, 
found near the lurface of the earth in fome parts of Der- 
byfliirc : their texture is moie or lefs porous thioughont. 
Haiiy, who calls this variety chaux fluatle alumiuifere, 
thinks that the ferruginous clay which it is laid to contain 
has the fame relation to the fluor fpar which the quartz 
grains have to the carbonate of lime ‘ in the cryftallized 
fandftone of. Fontainebleau. But this analogy does not 
appear to be founded in reality. (See Sandstone.) Dr, 
Kidd conjeftures that the corroded appearance of thefe 
cryftals may have been produced by fome form of zinc. 

Fluor fpar fometimes exhibits traces of decompofition. 
The Angular variety from. Beeralfton, Devonshire, in 
oftaedral cryftals of a pale feladon green colour, and cafed, 
as it were, in one another, is encrufted with a white earthy 
fubftance, which, if we may judge from the gradual 



402 

tranfition into the perfeft fubftance obfervable in a fpeci- 
mpn before us, can only be the refult of a difintegration of 
the co/iftit ueut part*. Mr. Sowerbv has given a good 
figure of tins variety. It is probable that much of the 
fubftance defciibed aa earthy fluor is notliing but fluor iu a 
decompofcd ft ate. 

Fluor Alius , in Medicine , a colourlefn difeharge from 
the female vagina, popularly termed the whites, and by the 
riofolngilln b»rorrhaa% an appellation of the lame fig- 
jufication, derived from the Greek, bee L: ucorrhaca. 

FLUORIC Acid, in Chcmtftry. Thij acid was dif- 
coveixd by Schecle more than tbnty years ago, and the 
fnbj M ft foon after excited the diligent attention of Dr. 
Piieilley, whofe experiments and obfervationg are detailed 
at large in the fecemd volume of his experiments me- 
thodized, p. 339, 367. For many years it was fuppofed 
to exift in the liuor fpar only, but later proeefles have 
(hewn that it is a conllitucut of feme of the topazes, 
and of the waveliitc, a newly difeovered foflil. It has 
alfo been found in the animal kingdom, viz, in the enamel 
of the petiiiied teeth of an elephant ; alfo in the enamel 
of the human teeth, and in ivory. 

We have feen that the conllituent parts of Puor fpar, in- 
dependently of the water in combination, are fluoric acid 
and lime. To obtain this acid we muft put one part by 
weight of the fpar coarfcly pulverized into a leaden rctoit, 
and pour over it three parts of concentrated fulphuric acid. 
An efTervefccnce is immediately excited ; the fulphuric 
acid exerting a ftronger attraction for the lime of the fpar, 
unites with it, and the fluoric acid goes off in the form of 
gas, which may be collected in receivers over mercury. If 
water had been previoufly introduced into the receiver, the 
gas would have been abforbed, and the acid would, in that 
cafe, be exhibited in the liquid (late. Hence fluoric acid 
can fubfift iu the liquid form, and ltkewife under that of gas, 
which gas has the common properties of the atmofphcric 
air, being elaflic and invifible. But it is fomewhat heavier 
than common air; it extinguifhes combuftion, and is utterly 
incapable of fupportiug animal life. Expofcd to the at- 
mofphere it combines very greedily with its moifturc, and 
appears in the form of vapour or white fumes. It has a 
penetrating pungent fincll ; reddens vegetable blues, and 
corrodes the (kin. If a lighted candle be introduced into 
it, the flame becomes green, and then is extinguifhed. The 
moft remarkable property of the fluoric acid gas is that of 
corroding glafs in consequence of its ftrong affinity for 
(ilex. This property has rendered it extremely ufenil in 
etching or engraving on glafs veffels, which operation is 
performed by a very Ample and eafy procefs : the glafs is 
covered with wax, or a ftrong folution of iiingfafs, the 
figures are then traced with a common graver, or fteel point, 
and then the veffel isexpofed to the aftion of the fluoric acid 
in a date of gas ; thofc parts that are expofed are foon cor- 
roded, and the impreffiou is mpre or lets deep, according to 
the time employed. This art, though adopted as new at 
the time of Scheele's and Prieftky’s difeoveries, was, ac- 
cording to the account given by Beckmann in the fecond 
volume of his Hiftory of Iuveutions, known and praftifed 
a century before. 

Light and caloric have 110 effeft on fluoric acid ; its pro- 
perties ire mu the leu ft altered by being paffed through a 
red-hot porcelain tube. It will not unite with oxygen, 
which is the great difference that exifts between this and 
t&e muriatic acid ; nor has it any aft ion on azote, hydrogen, 
carbon, phofphorus, or fulphur. By thefe, or by fome of 
them, almo'l all the other acids have been decompofcd, and 
their conftkuenta dete&cd, and hence its bale was, till very 
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lately, wholly unknown ; and it was, from analogy o uly r 
that chemifts affumed that it muft contain oxygen in combj, 
nation with an unknown bale. Mr. Davy has, however, 
thrown fome light on this fubjeft, by fubje&ing the fluoric 
acid-gas to the aftion of potaffium, cue of h’s newly difeo* 
vered metals. In this gas potaffium, when heated, burns, 
and there is a great abforption of the gas. Either the 
whole, or part of the acid, according to the quantity of .the 
potnfiium 11 fed, is destroyed or abforbed, and the rcfidual 
elaflic fluid is found to be hydiogcn, which is in lefs pro- 
portion as the fluoric acid gas has been more perfectly freed 
from water. After the combuftion, a chocolate coloured 
mala retrains at the bottom of the retort, and alfo a fubli- 
mate, partly chocolate coloured, and partly yellow, is found 
about the fides, and at the top of the retort. This fub- 
flance, when examined by a magnifier, appeared to confift of 
different kinds of matter; and when thrown into water it 
effcrvcfccd very violently, and the gas evolved was inflam- 
mable. When heated in contaft with air it burnt flowly, 
loft its brown colour, and became a white faline fubftance. 

The water which had afted on this fubftance was exa- 
mined, the folid particles feparatrd by a filtre, and the 
fluid was found to contain fluate of put-afh, and pot-affi. 
The folid refiduum was heated in oxygen gas, it burnt be- 
fore it came to a red heat, the brown colour was changed to 
white ; oxygen was abforbed, and acid matter was pro- 
duced. The inflammable fubftance thus produced from the 
aftion of potaffium on the fluoric acid is fuppofed to be 
the bafe of the acid. Perhaps the decompoficion of the 
fluoric acid by potaffium is analogous to that of the fulphu- 
ric and phofphoric acids ; in which the pure bafes are not 
evolved, nor even the bafes in their common form, but new 
compounds formed of the bafe with potaffium, with a 
fmaller proportion of oxygen. This fubjeft has engaged 
alfo the attention of the French chemifts, M. M. Gay 
Luffiic and Thenard, who employed the agency of potaffi- 
um, and the refill ts of their invefligation were very iimilar 
to thofe of Mr. Davy. From which they infer that fince 
little or no hydrogen gas is evolved in the combuftion of 
potaffium, the effeft cannot be aferihed to the agency of 
water. The acid muft therefore be decompofcd, or it muft 
combine undecompofed with the metallic bafe, which is 
not even oxy dated. It is probable, therefore, that the acid 
is decomposed, and the produft is a combination of the flu- 
oric bafe with potato, analogous in conftitution to a phof- 
phuret. 

Fluoric acid combine* with- alkalies a id earths, and the 
falts fo formed are named fluates. They are generally deli- 
quefeent, and can be cryitallizcd with difficulty. They 
are decompofcd by the fulphuric or muriatic acid, which, 
as we have feen, dilengages the fluoric. The alkaline fluates 
are decoinpofed alfo by lime, as is evident by the follow- 
ing 

Table of Affinities, 

Lime, 

Barytes, 

Strontites, 

Magneftu, 

Pot-ato, 

Soda, 

Ammonia, 

Glucina, 

Alumine, 

Ziccoti, 

Silica. 

The faturating power of this acid exceeds that of all the 
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Others, % given quantity of it faturating a larger quantity of 
any bate. On this account, it is regarded as the molt 
powerful of the acids, and its lefs energetic a&ion mud be 
alcnbed partly to the weak date of concentration in which 
it can be obtained, and partly to its not affording pxygen in 
a direft way. 

There are eight fluates known, viz. of pot-afh, foda, 
ammonia, lime, barytes, magnefia, alumine, and filica. Some 
of thefe we flrdl briefly notice. The fluate is oh- 

tained by fuling, in a placina crucible, a mixture of fluor 
fpar, and carbor»ate of pot-a(h. The mils, digefted in wa- 
ter, yields a folution, which, filtered and evaporated, lea ve9 
a fluate of pot-afh. It does not cryftallize, but forms a 
gelatinous mafs with fcarcely any tafte, that attrafts moif- 
ture from the air. It readily diflblvesin water. F. of foda 
is formed like the laft ; if the folution is evaporated till a 
pellicle rifes on its furface, it yields on cooling fmall cubical 
cryftals of fluate of foda. Thefe are bitter and aftringent ; 
they do not deliquefee in the air, and are but little foluble 
in water. They decrepitate and melt into a tranfpurent glo- 
bule when expofed to the aftion of the blow-pipe. F. of 
ammonia is obtained by the application of heat to a mix- 
ture offulphateof ammonia and fluor fpar. The fluate 
fublimes ; but if it is prepared by faturating the acid with 
ammonia, the folution, by evaporation, yields fmall cryftals 
of fluate of ammonia. F. of lime, is the fluor fpar on which 
we have already treated, as it is found in nature ; this fait 
may be artificially prepared by adding fluate of ammonia to 
nitrate of lime ; the fluate of lime falls to the bottom, and 
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when properly treated is very pure. It is infallible in water, 
phofpnorcfcent when laid on a hot iron, it is inlipid, unal- 
terable by expofure to the air, and at a heat equal to 5 1 • of 
Wedgwood, it melts into a colourlefs tranlparent glafs. 
Fluoric acid obtained in glafs veffels always contains a por- 
tion of filica $ if this folution be allowed to remain a confi- 
derable time in a veffcl not quite clofed, it depofits fmall 
brilliant tranlparent cryftals, which have been afeertained 
to be the fluate of filica. This lalt is foluble in alkalies, 
and gives out fluoric acid by mere heat, or by the aftion of 
any of the ftrong mineral acids. Felfpar, and all minerals 
that contain filica, arc probably afted on without difficulty 
by the fluoric acid in a ftate of gas, but thofe that contain 
no alkali are lefs liable to its aftion. The following tabic, 
taken from Dr. Thomfon’s chemiftry, vol. ii. exhibits the 
refults of the experiments and calculations of Richter 
on the feveral fluates. 

Table ©f the Compofition of the Fluates* 

Fluates of Acid. Bafe. 

Alumine - - 100 - - 1:3 

Magnefia - 100 - IJ4 

Ammonia - 100 - - 157 

Lime - - 100 - 186 

Soda - - j 00 - - 201 

Strontian - - 100 - 311 

Pot-afh - joo - - 376 
Barytes - • 100 - 520 



Flux 


FLUX, in Enamel , is that glaffy body that forms the 
baiis of all enamels, whether tnnfparent, femi-tranfparent , or 
opaque. Now at the painting on enamel is performed with 
vitreous colours, which to fpeak truly can be nothing more 
or left than coloured enamels, it mud be evident that 
flux likewife forms a principal part in the compofition of 
enamel colours. 

Flux, Enameller's, is a fort of enamel principally ufed 
for the upper furfaces of plates intended for enamel painting. 
It differs from the common enamels, in being of a more mel- 
low and rich quality, whilfl its properties facilitate the 
fufion of thofe colours which are employed in painting on 
it. The bed kinds having been generally brought from 
Venice, have acquired the name of Venetian flux, and arc 
commonly imported in the form of fmall beads, hence 
called bead-tlux, or (hort pipes about three-eighths of an inch 
in diameter, and from three quarters of an inch to an inch 
in length : the latter is called fife-i ux. The fluxed plates, 
when prepared as defcribed under Enamelling, have 
a rich yellow hue, or cream colour ; by which they are 
rendered of particular utility in paiutings where much of 
the naked figure is expofed. The flux mud always be laid 
upon bard enamel ; as the properties of glafs enamel are 
inimical to effective cohcfion, the flux cracking in circles, or 
flying off in pieces as the plates cool. 

In order to give a clear idea of the nature of fluxes, it 
will not be improper previoufly to inquire more particularly 
into the nature of the ingredients, their operations on each 
other in a date of compofition, as well as the power which 
each exerts in producing a proper effeCt j unce by this 
means fuch an initiative knowledge may be obtained, as will 
enable perfons unacquainted with the art to conduit their 
experiments with more certainty, than they poflibly 
could by any particular recipes, however good they might 


There are two kinds of fubdances which enter into the 
compofition of enamel fluxes; the one, the proper matter 
of the flux, being principally fuch bodies as are by their 
nature endued with a ftrong propenfity to run into the 
vitreous fufion, and be converted into glafs, at the fame 
time that they aflimilate and change other bodies in com- 
bination with them into their own vitreous nature. This 
kind confids principally of falts, lead, and arfenic. The 
other kind confids of the correctives of thefe proper flux- 
ings, which without their admixture would be found to 
have qualities that would deprave them for enamels or the 
fluxes for paintings. For all kinds of falts, when vitrified 
by themfelves, or with a fmali proportion of other bodies, 
are dill liable to be diffolved by aqueous moidure; and flux, 
made of fuch ingredients only, would be corroded even by 
the common air, and turn black and dull on its furface ; 
hence it becomes neccffary to add fome other bodies as cor- 
rectives to prevent thefe bad tendencies, and render the flux 
more durable. Lead and arfenic, when formed into glafs, 
of which they compofe the principal ingredients, are par- 
ticularly liable to be thus corroded ; to prevent which, when 
tiling thefe fubdances, it is neceffary to add confidcrabk 
proportions of the corrective matter. The truth of thefe 
remarks may be readily afeertained by the appearance of 
the enamel door-plates about this town, in many of which 
(he lead, having been ufed in too great a proportion as a flux 
for the black colour, has been fo far corroded as to have 
admitted the air to come in contact with the colouring 
matter, in which cafe the whole writing is almod oblite- 
rated. 

The mod common of thefe corrective bodies of the pro- 

E tr matter of the flux, and which therefore make the 
oond kind of fubdances of which enamel fluxes are 
oompofed, are calcined flints, and Lynn fand, or what it 
generally known by the name of filver fand, which being 
perfectly white, and refitting when vitrified the corrofive and 
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decompofing a&ion of all menftrua, give body and bar d- 
nefs to the fluxes, without any other difadvantage than 
that of diminiihing, in a certain degree, their inclination to 
vitrify, and on that account rendering them fomewhat 
weaker as fluxes than they would be if ufed alone. 

The moll aftive kind of fait as a geueral flux is borax, 
which poflefle* the greateft power of any Ample body 
hitherto known. Lead, which is the next, vitrifies with a very 
flight heat, and at the fame time aflimilates other bodies to 
its own nature, fuch as earths, Hones, the oxyds of metals, 
&c. Arfenic is likewife a powerful fluxing fubltance ; 
but whenever this is ufed it Ihould be with bodies that have 
been previoufly vitrified and ground tolerably fine, other- 
wife it is apt to fubiime and fly off from the composition 
with which it is mixed, and which of courfe mull reuder any 
recipe, where a certain proportion of this is to be ufed, very 
liable to error without fuch precautions. Several kinds of 
falts poffefs the next degree of fluxing power, the principal of 
which is fea fait ; but it mull be evident from what has 
been mentioned, that they are not fufficiently ft rang to 
form an enamel flux by themfelves, yet as they are per- 
fedllv colourlcfs when vitrified, which is not the cafe with 
lead, they will be found very ufeful in compofition with 
lead, or when ufed in place of that fubftance, aflifted by 
borax, efpecially where any tinge of yellow would be de- 
trimental to the colouring matter that is to be ufed with 
the flux. 

Having endeavoured to give the reader an idea of the 
nature of the fubftances that are ufed in the formation of 
fluxes, we (hall next endeavour to explain the method of 
compounding them before they arc fufed, and alfo fome. 
obfervations upon that part of the procefs. 

When the materials are procured, taking care that they 
are of the bell quality, each fhould be feparately levi- 
gated either iu an agate mortar, or one made of the fame 
kind of glafs as the common wine bottles are made of ; the 
peftle in either cafe Ihould be of flint or agate. The pro- 
portions of each fubftance, having firft been thoroughly 
mixed, the whole mull be put into crucibles of a proper fixe, 
and placed in an air furnace, or what is more commonly 
called a wind hole, where the heat fhould be increafed till 
the matter is perfe&ly vitrified, which may be known by 
its becoming clear and tranfparent. The heat mull be ftlf* 
ficiently powerful, yet not too violent, for though ? great 
heat may accelerate the vitrification, yet it at all times 
hardens the compofition, and greatly reduces il.c fluxing 
power. The Ample method of dipping the end of a tobacco 
ppe in the flux while in a Hate of f ufion, and examining the 
lmall quantity that adheres to it, will enable a perfon to 
form an accurate judgment of the whole ; for if it appears 
clear and tranfparent it may be concluded that the vitri- 
fication is complete, but if any cloudy parts appear incloiing 
opaque fpecks, it is evident that a longer continuation of 
heat is neceffary. When the quantity is fmali it becomes 
very difficult to get the whole out of the pot ; the bell 
method perhaps is to hold the edge of the pot with a con- 
venient pair of tongs, and at the fametime ferape the matter 
out with a fmali piece of iron, the edge of which fhould be pre- 
vioufly made to fit the bottom of the crucible. Whoever 
would have flux in the greateft degree of purity, mull pre- 
vioufly prepare the glafs of lead to be ready at all times for 
ufe, for although lead might be mixed with the other in- 
gredients for common purpofes, yet it will be better in all 
cafes to prepare it previoufly by the following means. 

Take of the bell minium, or, as it is commonly called* 
red lead, four pounds; of Lynn fand, or calcined flints, 
two pounds and a quarter: thefc two fubftances Ihould be 
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thoroughly mixed, and be put into a very found crucible. 
One that has had flux or a little flint glafs melted in it be- 
fore would be preferable, for when a new pot is ufed, the 
lead is very liable to ilrain through the pores, and thus 
occafion an uncertain refult, although the quantities Ihould 
have been ever fo nicely adjufted. This is to be vitrified in 
the fame manner as dire&ed for flux, and when perfect will 
be of a beautiful topax or tranfparent gold colour. When 
the matter is cold, it fhould be ground in the mortar before 
deferibed, and then kept perfe&ly free from duft. 

In moft large cone *rns in the glafs bufinefs fand 16 greatly 
preferable to tints, as the trouble of calcining and grind- 
ing the latter, where large quantities are wanted, is a krious, 
objection to their ufe. But in the cafe of flux, where 
quality is of more confequence than quantity, flints are 
certainly preferable. 

The method of preparing the flints for ufe, is to place 
them in a clear fire, in which they Ihould continue two or 
three hours ; the fire fhould be then increafed till they at- 
tain a white heat, at which time they fhould be taken very 
quickly from the lire and plunged into cold water, whicn 
will caufe them to crack and flaw in innumerable parts ; 
they mull then be broken into pieces, and if they are of an 
uniform whitenefs throughout, they may Le confidered as 
fit for grinding ; but if any black and difcoloured places 
appear, they mull be again fubmitted to the fire, and the 
immerfion in water repeated ; the calcination being then 
completed, they mull be broken as fmali as jpoffible with a 
fteel-faced hammer, and ground very fine m the glafs or 
agate mortar. 

A very important advantage attending this preparation 
of the glafs of lead, is the eafe with which a very perfc£l 
vitrification of the fand or flints is effeded without the aid 
of intenfe heat ; at the fame time the mixture is rendered 
more capable of afiimilating with a larger proportion of 
falts, which will in all cafes add greatly to the foftnefs of 
the flux. 

Very little hope is entertained that any more of the Ve- 
netian hard enamel or flux for grounds will be imported 
into this country, as we are alTured that Bertolini, the ce- 
lebrated maker of thofe fubftances, perifhed in the hands of 
the French at Naples, on account of his political opinions. 
We feel much pleafure in being able to ftate, however, 
that Mr. Griffiths of Broad Court, Long Acre, London, 
after many years fpent in making enamel colours, has fuc- 
ceeded in making flux for grounds eaual to any of the Ve- 
netian, which he has conftantly for lale. He has likewife, 
within the laft three years, brought to perle&ion a beautiful 
white, hard enamel, which is fo nearly equal to the Vene- 
tian, that the one might be mift.iken for the other, the co- 
lour and fra&ure being fo much alike. 

The firll recipe for the formation of a flux, and which 
we (hall call N” i, is the w hite glafs enamel, which, con- 
taining a large proportion of arfenic in a lemi-vitrified ftate, 
requires to be broken into fmali pieces, and fufed till the 
matter becomes quite clear and tranfparent; the arfenic 
will by this means be completely vitrified, and convert the 
glafs into a foft and ufeful flux, fit to be mixed w r ith mod 
of the earths tftat may be ufed as colours, and likewife with 
the oxyds of all the metals, gold and filver excepted ; for 
it mult be remembered, that lead and arfenic are both apt 
to injure the beauty of the colours that tre produced by 
gold and filver : therefore, whenever thefe are ufed, it mutk 
be with a flux that is compofed without either of thefe in- 
gredients ; or if they do enter the compofition, it muft be 
in very fmali proportions. 

Compofition of a fofter flux for common purpoles, where 
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the glafs may be found too hard, N° a.— 1 Take of the giafi 
of lead one pound; of pearl afhes, five ounces 5 of borax, 
five ounces ; and of arfenic, half an ounce. This flux is 
fuited, by ito foftnefs, to be mixed with colours that are to 
be ufed in glazing over others, where a -harder flux has 
been ufcd, and in moft cafes, where burning the colours 
with a flight heat is advantageous. 

Compofition of a flux perfe&ly peHucid and very foft, 
N J 3. — Take of common flint glafs, powdered very fine, 
feven ounces ; of borax, one ounce and a half ; of pearl 
afhes, two ounces; and of fea-fult, one ounce. This flu <, 
by its foftnefs and clearnefs, will be found very ufeful for 
the oxyds of gold and filver ; likewife in all cafes where a 
tinge in the flux might be detrimental to the colouring fub- 
ilance that is to be ufed. 

Thefe fluxes, in the proportion here given, have been 
found to anfwer the puipofes for which they are intended 
extremely well ; but as the ingredients fometimes vary in 
their quality, it is evident that much mult at all times be 
left for the ingenuity of the operator to fupply. Indeed, 
when the difficulties that every perfon muu meet with in 
attempts of this nature, without a previous knowledge of 
chemiftry, are confidercd, we cannot do better than ad- 
vife a fttidy of that fcience as an introdu&ioq to the art of 
enamelling and enamel paiuting, by which means a com 
plete theory of the various fubftances may be obtained, 
which, in the courfe of pra&ice, may lead to ufeful dif- 
coveries ; or, to fay the leaft, will many times^prevent ufe- 
lefs experiments being made. 

We muil not omit noticing in this place, that dial-plate 
enameller8 found great inconvenience in the lofs of the Ve- 
netian white hard enamel, as that fubftance was principally 
ufed for the bottoms or backs of dial-plates mamita&urcd of 
the Enghfli glafs enamel; for the expanfion of thefe two fub- 
ftancea fo exaftly fuited each other, that it wa9 very rare that 
any of them cracked in the tire. This, however, was not the 
cate with all the kinds that were brought from Venice, and 
particularly a blue fort, damped on the cakes with the 
figure of a monkey, and commonly called monkey -enamel. 
This fort was very apt # to crack the plates in circles, after 
they had been made a few weeks, unlefs it was ufed in 
compofition with other fubftances, whofe fluxes, being 
fofter, contributed to counteract this difagreeable property. 

Thefe observations tend to confirm what we have before 
dated rcfpe&ing the neccflity oflaying flux for grounds on 
hard enamel, becaufe the Englifli glafs enamel, being much 
harder from the nature of its compofition, does not run 
into fufion with the fame heat as the flux ; consequently a 
perfect adhefion cannot take place between thefe two fub- 
ftances. For a further account of the proportions of flux 
ufed in enamel colours, fee Painting on Enamel . Hand- 
maid to the Arts, vol. i. and ii. 

Flux, in Hydrography , a regular, periodical motion of 
the fea, happening twice in twenty-four hours; wherein 
the water is raifed, and driven violently againd the fhores* 

The flux, or flow, is one of the motions of the tide, (fee 
Tide): the other, whereby the water finks and retires, is 
called the re?ux, or ebb. 

There is alfo a kind of red, or ceffation of about half an 
hour, between the flux and reflux ; during which time the 
water is at its greated height, called h'tgk-*water. . 

The flux is made by the motion of the water of the fea, 
from the equator towards the poles ; which, in its progrefs. 
Unking againd the coads in its way, and meeting with 
oppofition from them, f wells, and where it can find paflage, 
as in flats, rivers, flee, rifes up, and runs into the land* 

This motion follow#, in feme meafure, the courfe of 
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the moon $ as it lofei or comes later every day by about 
three quarters of an hour; or, more precifely, by forty-eight 
minutes : and by fe much is the motion of the moon flower 
than that of the fun. It is always highed and greateft in 
full moons, particularly thofe of the equinoxes. In fome 
parts, as at mount St. Michael, it rifes eighty or ninety 
feet, though in the open fea it never rifes above a foot or 
two ; and in fome places, as about the Morea, there is no 
flux at all. It runs up fome rivers above a hundred and 
twenty miles. Up the river Thames it only goes eighty, 
viz . near to Kingtton in Surry, 

Above London-bridge, the water flows four hours, and 
ebbs eight ; and below the bridge, flows five hours, and 
ebbs feven. See Tides. 

Flux, in Medicine , often called alfo bloody jlux% the 
popular appellation of Dyfentery> which fee. 

Flux, in Metallurgy. All thofe fubflances which have 
been employed to facilitate the feparation of 'metals from 
their ores, or to give greater fluidity in the filling or folder* 
ing of metals, have by manufa&urers been denominated 
fluxes. 

Fluxes employed in feparating metals from their ores 
have the effect of rendering the fubflances with which the 
metal is combined, capable of fufion. The whole is, by 
this addition of the flux, rendered fluid; the metal, being 
the heaviefl fluid, finks to the bottom ; while the fluid 
mafs, arifing from the earthy matters of the ore, combined 
with the flux, floats on the furface: the latter, on cooling, 
puts on a vitreous appearance, and is, by manufacturers, 
called fcoria . Hence it will appear, that the flux employed 
mud be fuch a fubftance as may be beft calculated to ren- 
der thofe fubftances more fulible with which the metal is 
combined. 

If the ore abounds with filex, potafh or foda is beft cal- 
culated to feparate it from the metal. Tartar, which con- 
lifts of the tartaric acid united with the potafh, and fre- 
quently abounds with much vegetable matter, is employed 
to great advantage in the fmalFway. The hydrogen and 
carbon prefent, take the oxygen from the metal ; while the 
potafh combines with the filex, forming a fluid vitreous 
mafs, more or lels coloured by the oxyd of the metal. 

The fubftances known by the names of black flux 
and white flux are generally ufed in the fmaller experi- 
ments. The former is made by detonating one part of 
nitre with three of tartar, fo that it contains at leaft an ex- 
cefs of carbonaceous matter, which is fitted for the reduc- 
tion of the metallic oxyd, while the potafh, derived from 
the nitre and tartar, combines with the earthy produ&s. 

That called white flux, is formed by detonating equal 
parts of nitre and tartar, by projecting the mixture, by a 
lmall quantity at a time, into a red-hot crucible. In thefe 
proportions the whole of the carbonaceous matter of the 
tartar is deftroyed by the oxygen of the Yiitre, and nothing 
more is obtained than a fub-carbonat of potafh. 

It will appear evident to every chemift, that common 
tartar, or for nice experiments, that fupier-taitaret of pot- 
afh, will anfwer all the purpofe of the black fiiix, and the 
fub-carbonat of potafh be equally well taken for the latter. 
Some have recommended the nitre and tartar to be ufed to- 
gether; but this will always be improper where the oxyda- 
tton of a fubftance is intended. Nitre pofledes a power fe 
much the contrary, that it is capable of pxydating gold. 

In the large way, on account of cheapnefs, lime is em- 
ployed to feparate the filex. Barytes, if it could be found 
more plentifully, might be ufed to more advantage for fe- 
parating filex, particularly from iron ore. 

Lime is found to be the beft flux for fiaeltisg the alumi* 
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nous iron ores* from the great f liability of due proportions 
of thofe two earths. Should the ore abound with filex, its 
reduftion is found more difficult. It might be an advantage, 
where ores of this kind occur, to ufe fome cheap compound 
of barytes, fuch as the fulphat of that earth. 

From what has been obferved, it will appear that it is of 
the greateft importance to be acquainted with the nature of 
the earthy matter in the different ores. Whether the ore 
contain alumine, lime, or both thefe fubftances, fuch a 
quantity of one of them fhould be added, as will make the 
moft fufible compound of the two. If the alumine be in 
excefs, lime muff be added, but if the ore be calcareous, 
which is fometinr.es the cafe, it is found ncceffary to add 
clay. In the fmeltiug of iron ores, however, the fufibility 
of the earths is much increafed by the oxyd of iron, which 
always, more or lefs, colours the icoria. The oxyd of iron 
is found to exert a much ftronger affinity upon filex than 
upon any of the other earths, and hence thofe iron ores 
abounding with filex, when fmelted, afford more coloured 
fcoria, and in confeqticnce are lefs produftive. 

In the fmcltir.g of copper ores, which contain fdex, it is 
common to add fome fubftance which contains oxyd of iron ; 
pyrites is generally ufed to afford this fubftance. But 
many copper ores contain iron, and reed not the addition 
of this fubftance as a flux. The oxyd of iron combines with 
the filex, forming a dark coloured fufible compound, which' 
floats on the furface, leaving the copper free from both 
thofe fubftances. 

Moft of the fluxes ufed in fuGng or foldering thofe metals 
liable to oxydate by the prefence of the oxygen of the 
atmofphere are fuch, as by fufing, when the metal would 
begin to oxydate, envelope the metallic furface, and prevent 
the combination of the oxygen. Of this clafa are many 
faline bodies, fuch aB borax, pot-affi, foda, tartar, mirriat 
of foda, &c. In ffigrt it fhould be fuch a fubftance as may 
fufe before the body becomes very hot. It fhould have no 
aftion upon the metal itfelf, and it fhould poflifs fo much 
fixity as not to be volatilized by the heat required for the 
fufion of the metal. If the flux be at all liable to fly o t, a 
frefh quantity fhould be frequently added. 

Another fpeciea of flaxes aft by reducing the oxyd at 
faft as it may be formed. The fufible metals are generally 
treated with thofe inflammable bodies, which combine with 
oxygen, with great facility, and at the fame time involve 
the metallic furface. Rofin and fatty fubftances are moftly 
employed for lead, tin, antimony, and bifmuth, or their 
alloys. Zinc requires to be treated iu a dole veffel with 
charcoal powder, or pounded pit-coal. 

The vitreous and faline fluxes which ad by preventing 
oxydation, are employed for caft iron, copper, brafs, 
flee. 

Pounded glafs, or a mixture of lime and clay, may be 
employed for caft iron ; pot-alh or tartar for copper and 
brafs. 

The fcoria of blaft furnaces is generally ufed in the fufton 
of fteel which is to be caft into ingots. If too much of 
thefe fluxes be ufed, the firmnefs of the crucible will be en- 
dangered. Muriat of ammonia has a very peculiar pro- 
erty of freeing the furfaces of metals from oxygen. This 
as been explained, by fuppofitog that the ammonia is dccom- 
pofed ; the hydrogen of which combines with the oxygen. 
This does not, however, clearly explain the fad, for the 
muriat of ammonia is not decompofed by this procefs, and 
much lefs by the ammonia. It is well known to thofe who 
manufacture this muriat, that if any metallic oxyd be pre- 
fect when this fait is fublimed, the oxyd rifes with it* form- 
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ing a triple (alt. Indeed the fubftance, known in medi- 
cine by the name of fitr'ta martialis, it formed in this 
wav, and is a triple muriat of iron and ammonia. 

The great utility of this fait in the foldering of metals, 
therefore, confifts in carrying off the oxyd from the furface, 
at the time it fublimes. 

Rofin and fat fubftances ufed in folderings give great 
fluidity and brightnefs to the folder, and clear the furfaces 
to be united, by their carbon and hydrogen taking the 
oxygen which may be prefent. 

The flux employed ror foldering iron, brafs, and copper, 
are generally borax, ( fub-borat of foda.) After the lolder 
and the lurfaces are once made clean, this borax ads, by 
preventing oxydation, tilt the folder fufes, and unites the 
two furfaces. 

That this is the true explanation of the aftion of a flux, 
in foldering, we have abundant proof, in foldering one 
noble metal with another. When fine gold is employed for 
foldering platina, the gold is obferved at the time of fufion 
to aflutne a degree of fluidity far fuperior to any folder made 
of oxydable metals, although the latter be affifted with the 
beft flux. 

In the fufion of thofe metals liable to oxydate, whether 
the fufion may be for the purpofe of foldering or calling, 
certain fluxes are found to be indifpenfable. The fluidity 
is fo much improved, that in the latter procefs, without a 
flux, the folder would not be able to run between the fur- 
faces to be united, independent of its action in preventing 
the oxydation of the furfaces. In the calling of metals, the 
fluidity would fometimes be fo imperfeft, without the 
prefence of the flux, that impreffions taken from the mould 
would be exceedingly defeftive, and fmall articles, fuch as 
needles and filh hooks, could not be caft at all. 

We ffiall conclude this article by giving a ffiort explana- 
tion of the caufe of inercafe of fluidity by the agency of 
fluxes. 

Although an idea is entertained by ebemifts, that there 
is no medium between that pulverulent (late called the oxy- 
dated and the metallic Hates, it will be found that the oxy- 
dable metals combine with oxygen when expofed to the 
air in a (late of fufion, without lofing their metallic form. 
They however Jofe much of their luftre and fluidity. Of 
this faft we have a linking proof in lilver, which in the 
aft of refining has been long expofed to a current of oxygen 
for the purpofe of freeing it from the bafer metals. At 
the time the fiiver affumes the folid form, the oxygen is 
given out in the form of gas. Mr. Lucas, a refiner of Shef- 
field, by throwing the liquid fiiver into water, collected an 
abundance of pure oxygen gas. 

The partial lofs of luftre and fluidity from the combined 
oxygen, is foon very apparent in melted zinc, both of which 
may be completely reltored, by treating it in a clofe veffel 
with charcoal powder. All the oxydable metals are more 
or lefs fufceptible of this change, proportionate to their 
affinity for that lubftancc. 

From what has been obferved we may infer, that it is 
highly injudicious to expofe much of the melted furface of 
metals to the air. Hence the iron ladles ufed for the fufible 
metals, as well as crucibles, ought to be as narrow as poffi- 
bleat the top, at the lame time that fome fubftance mould 
be employed, which will either prevent the oxydation, or 
reduce the oxyd as k is formed. 

Fluxes, in the Manufadure 9/ Glqfi, are red-lead, 
pearl-alhes, nkre, fea.falt, borax, arfenic, fcotiae of 
forges, commonly called clinker*, and wood-allies. See 
Glass. 
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Fly, in Mechanic, is an apparatus employed to equalize 
and regulate the velocity and power of many machines 
which require fuch regulation from the inequality either of 
the moving power, or of the refiftance it has to overcome. 
A fly afts upon the principle that any body, being put in 
motion with a certain velocity at a certain expence of power, 
will continue to move until its motion is Hopped by a refin- 
ance equal to its momentum or ium of the power and velo- 
city which firft caufed its motion. This principle is carried 
into effeft by various forms of the apparatus ; the mafs being 
generally made to revolve upon a centre, aud the parts on 
the oppofite fides of the centre being balanced. T wo, four, 
or any other number of equal weights, placed on the oppo- 
fite ends of arms or radii which are affixed to an axis, con- 
ftitute a fly. If the weights be fuppofed to touch each other, 
or a hoop or ring of one piece be fubftituted, its form will 
be much improved; and it is now termed a fly-wheel, and is 
the manner in which the fly is molt generally ufed. 

The friftion or refiftance which the air oppofes to any 
body in motion, and the friftion of the pivots which fup- 

f iort the axis of a fly-wheel, are confiderable deductions 
rom the power communicated to it ; fo that 'inftead of a fly- 
wheel gaining power, as fome imagine, it requires a conftant 
exertion of power to keep it in motion, even when no other 
refiftance is applied to prevent it. For this reafon a mechanic 
ihould never introduce a ‘fly-wheel into a machine, unlefs 
the advantages to be derived from its aftion are greater than 
the adtual lofs of power it occafions. As an inftance, we will 
fuppofe a heavy (tamper or hammer to be raifed by a water- 
wheel ; the aftion of the water upon the wheel it conftant 
and uniform, and whilft the machine is lifting the hammer, 
this aftion is nearly balanced ; but the inftant the hammer 
falls, the principal refiftance or load to the water-wheel is 
removed, and the water urges it rapidly forwards, until it 
meets the hammer again, when it is fuddenly checked, and 
moves with diauniihed velocity, until it again lofes its load. 
In fuch a cafe as this the fly-wheel it of great fervice, for in 
the interval while the refiftance to the water-wheel is not in 
aftion, it prevents its acceleration, the power of the water- 
wheel being employed to give a momentum to the fly-wheel ; 
and as (bon as tne velocity of the water-wheel is at all dimi- 
nifhed, by the return of its load, the momentum of the fly 
afts to carry it forwards, and continue the motion with the 
fame velocity until the momentum is expended in affifting 
the water-wneel. By this time the hammer has fallen, and 
the water-wheel left at liberty to communicate a new impulfe 
to the fly. 

In this, and many other fimilar cafes, the power expended 
in giving motion to the fly it trifling, compared with what 
it prefervet from complete loft during the interval in which 
the refiftance of the water-wheel is inaftive. If the water- 


wheel had been applied to railing a ftamper, the equaliza- 
tion might have been made by ufing three or four ftampArs 
in place of one, and adapting the machine to raife them fuc- 
ceffively : by this means, the load being divided and applied 
continually, the motion would be rendered nearly as uniform 
as by a fly-wheel, and without its inconveniences. 

In this manner in many machines where fly-wheels are in- 
troduced, they are not abfolutely neceflary, law mills, pump 
mills, See., where a Angle machine which only afts in one 
direftion is to be moved, all thefe might be improved by 
dividing the load, and caufing its parts to aft In fucceflion ; 
and for pump mills the double aftrag pumps may be ufed to 
greac advantage, in lieu of a Angle one with a fly-wheel. 

It is a great objeft in conftrufting flies to form them fo as 
to prefent the fmalleft refiftance to the air. For this purpofe 
a wheel Ihould always be ufed ; the ring (hould be fmooth 
and truly circular without any projefting nuts, See.; the radii 
Ihould be made to prefent a thin edge to the air, and the 
whole (hould be made of metal, that the greateft weight may 
be contained under the fmalleft furface ; and for this purpofe, 
if the feftion of the ring is a circle, the fmalleft funace will 
be expofed to form a refiftance to the air, the radii (hould 
be of an elliptic figure, the narrowed edge meeting the air. 
This form of a fly-wheel is ufed by Meffrs. Murray and 
Wood of Leeds in the (team engines which they ereft, and 
is included in a patent they have for fleam engines, and 
though they may liaVe been the firft who applied it to fleam 
engines, the idea is not original, as Mr. Sully gave that 
form to his watch-balances many years ago. 

A fly-wheel ihould be call in one piece of metal, if it is 
not too weighty ; in which cafe, the pieces of which it is 
compofed Ihould be melted together in the moft (olid man- 
ner imaginable, left the centrifugal force of fuch a large 
mafs, moving with a confiderable velocity, (hould endanger 
the reparation of its pieces. If bjrany accident the bolts con- 
nefting them become loofe, or are weakened by rafting, (this 
failure, which has fome times happened, is truly dreadful,) 
the force with which a fragment of the wheel is projefted 
is irreftilible ; and if it fhould chance to ftrike the walls of 
the building, it would be in danger of total deftiuftion. A 
method has been lately introduced of putting fly-wheels to- 
gether, by dovc-tailinginfteadoffcrew-bolts. The arms arefaf- 
tened into the ring, and the fegmentsof the ring fattened toge- 
ther by a fyftem of dove-tails, which only admit of being put 
together in one direftion, which is contrary to that in which 
the centrifugal force afts. Precaution on this head will not 
appear ufelefs, when it is confidered that fly-wheels of 8 and 
10 tons in weight in the ring and arms are common in the 
machinery ufed for the manufafturing of iron, and their cir- 
cumference moving at the rate of 300 feet per minute. We 
have Ceen one applied to a fleam engine of 16 tons in weight, 
and moving much quicker. The ring is ufually in fix pieces, of 
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about a too each, and connected only by a few wrought iron 
bolt! as it revolves. The weight or thefe pieces, conftantly 
ifting in new dire&ions, independent of the oentrifugal 
force, is a fevere ftraia upon the bolts and parts forming 
the connexion. 

The mode of calculating the fize, weight, and velocity 
of a fly-wheel, proper to regulate the motion of any given 
piece of machinery, muft be very intricate j though it is not 
ufual for pra&ical mechanics to employ calculation, their 
fly-wheels being adopted from the proportion of fome other 
iimilar machine, which is found to anfwer its purpofe. This 
fubjedt has not been inveftigated in the elementary works 
on mechanics that we have feen; though, from its great 
pra&ical utility, it would well repay the labour of any com- 
petent analyft, who would turn his thoughts to the fub- 
}e£b 

The fly-wheel only a&s when the velocity of the machine 
is variable ; for having naturally a tendency to preferve an 
uniform velocity in itleif, it will tend to move the machine 
conceded with it in the fame manner. On this account, it 
would be abfurd to employ a fly-wheel in any machine 
where the power and refinance are always uniform, or bear 
the fame proportion to each other: hence the motion of any 
machine, denying affiftance from a fly-wheel, cannot be per- 
fectly regular, as it is only when a change in the velocity 
of tne machine takes place that the fly-wheel has any 
adtion, and the power it exerts to continue the motion is 
greater or lefs, as the change in velocity of the machine is 
more fudden or flow. 

In rolling mills, where the power which will be required 
is not to be eftimated, and at the fame time the refinance to 
the mill is not jn adtion, a great proportion of the time, a 
large and heavy fly-wheel is neceffary ; in this cafe it ads 
as a colle&or of power. If the workman has an extraordi- 
nary large piece of metal to be rolled, he fuffers the mill to 
work without obftrudion a few revolutions of the water- 
wheel, that the fly-wheel may acquire fuch a velocity as 
will overcome the refiftance to be oppofed to it, which is 
perhaps far beyond the power of the mill to accompliffi 
without fuch aid. 

The coining prefs, or fly-prefs, is another example of thO 
fame fort. The momentum or a fly, put in motion by aeon* 
tinued adion of feveral feconds, is expended in an inftan* 
taneous ftroke upon a piece of metal, ading with aftonjfh- 
ing power. The fledge hammer may be inftanced as a 
iimilar cafe. The power given to the hammer m a certain 
fpace of time, is exerted i« an infinitely ffiort time, and with 
proportional power. 

In all cafes where the moving force is variable, a fly- 
wheel muft be added, unlefs the refiftance can be adapted to 
vary in the fame degree. A man, turning a winch by hisband, 
or a crank by his foot, can exert three times the power in 
many poiitions which he can in others, particularly in the 
latter cafe : a fly-wheel is, therefore, ofenential fervice, and 
the rotsfive motion obtained from the fleam engine is 
wholly dependent on the affiftance of the fly-wheel. 

The fly may be applied to feveral forts of engines, whether 
moved by men, hones, wind, or water ; and is of great ufe 
in thofe parts of an engine which have a quick circular mo- 
tion, and where the power or refiftance ads unequally in 
the different parts oi a revolution. In this cafe the fly, 
without adding any new force, becomes a moderator, 
making the motion of revolution almoft every where equal 
and uniform : thus the engine becomes more eafily and con- 
veniently adted upon ana moved by the impelling force ; 
and this is the only advantage obtained by the fly. The 
btft form of this appendage to machines is that oi a wheel 


or circle, of a proper fize, as this will not only be lefs 
refilled by the air, but by being continuous, and the weight 
every where equally diftributed through the perimeter of 
the wheel, the motion will be more eafy, uniform, and re- 
gular. In this form, the fly is noil aptly applied to the 
perpendicular drill, which it likewife ferves to keep upright 
by its centrifugal force ; as alfo to a windlafs or common 
winch, where the motion is quick ; for in pulling upwards 
from the lower part, a perfon can exercife a greater power 
than in thrufting forward in the upper quarter | when, of 
courfe, part of his force would be loll, if it were not accu- 
mulated and maintained in the equable motion of the fly. 
Hence, by this application of force, a man may work all 
day in drawing up a weight of 40 lbs. whereas 30 lbs. 
would occaiion to him greater labour in a day without the 

fly* 

The force of a fly, when joined with the ferew, for 
ftamping the image upon coins, may be calculated thus ; 
fuppofe its two arms to be each fifteen inches long, meafuring 
from the centre of the weights to the axis of the motion, 
and the weights to be fifty pounds each, and the diameter 
of the axis preffing upon the dye to be one inch 5 if every 
ftroke be made in naif a fecond, and the weights deferibe 
an half circumference, which will in this cafe be of four 
feet, the velocity will at the inftant of the ftroke be at the 
rate of eight feet in 9 fecond, and, therefore, the momentum 
eight hundred ; but the arms of the fly being as levers, one 
brachium of which is fifteen inches long, whilft the other, 
viz. the femi-axis, is but half an inch, we muft increafe this 
force thirty times, which will give twenty-four thoufand ; 
an immenfe force, equal to that of a hundred pound 
weight falling a hundred and twenty feet, or near two fe- 
conds in time ; or to that of a body of feven hundred 
and fifty pounds, falling j 6 x \ feet, or one fecond in 
time. 

Some of thefe engines for coining crown-pieces have the 
arms of the flies five times as long, and the weights twice 
as heavy as thofe here mentioned, fo that the effedt is ten 
times greater. Defaguliers’ Exper. Philofoph. vol. i. 
P- Mi- 339 - 

Befides the utility of fly-wheels, as regulators of machi- 
nery, they have been employed for accumulating or col- 
ledting power. If motion be communicated to a fly-wheel 
by means of a fmall force, and if this force be continued 
till the wheel has acquired a great velocity, fueh a quantity 
of motion will be accumulated in its circumference as to 
overcome refinances, and produce effedts, which could 
never have been accomplifned by the original force. So 
great is this accumulation of power, that a force equivalent 
to 20 pounds, applied for the fpace of 37 feconds to the 
circumference of a cylinder, 20 feet diameter, which 
weighs 4713 pounds, would, at the diftance of one foot 
from the centre, give an impulfe to a miriket-ball equal to 
that which it receives from a full charge of gun- powder. 
In the fpace of fix minutes ten feconds, the fame effedt 
would be produced, if the cylinder were driven by a man 
who conltantly exerted a force of 20 pounds at a winch 
one foot long. This has been demonftrated by Mr. At- 
wood in his “ Trcatife on Rectilineal and Rotatory Mo- 
tion.” This accumulation of power is exemplified in the 
Sling \ and alfo in the machine for coining, as already ftated. 
Meffra. Watt and Boulton have employed a new kind of fly, 
called the 44 Conical Pendulum,” for regulating the ad- 
million of Ream into the cylinder of the Steam -engine, which 
fte. 

Notwithstanding the great advantages of fly-wheels, both 
as regulators of machines, and colledtors of power, their 
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utility wliolly depends upon the pofition which is afligned 
them, with refpc& to the impelled and working points of 
the engine. This pofition depends altogether on the ftruc- 
ture of the machinery. It may be obierved, however, in 
genera], that where fly-wheels are employed to regulate ma- 
chinery, they (hould be near the impelling power. And, 
when ufed to accumulate force in the working point, they 
fiiould not be far diftant from it. In harid-mills lor grinding 
corn, the fly is for the mod part very injudicionfly fixed on 
the axis to which the winch is attached. It (hould always 
be fafiened to the upper mill-llone, fo as to revolve with the 
fame rapidity. In the firft pofition, indeed, it mud equalize 
the varying efforts of the power which moves the winch, but 
when it is attached to the turning mill-done, it not only 
does this, but contributes very effectually to the grinding 
of corn. Fergufcm’s Mechanics, by llrewfter, vol. i. 

Fly-Aty/}, an inflrument of mod extenfive ulc in many 
manufactures for damping or cutting fmall articles in 
metal. It confids of achiffel, punch, or cutting tool, moved 
by a ferew, which is furnifhed with weights acting a3 a fly. 
When thefe are turned rapidly round, the tool exerts an 
immenfe power on any fubftance fubjeCted to its aCtion. 
The prefs is often uled without the fly, and is dill called, 
though improperly, a fly-prefs. 

Figs. 1,2, 3, and 4, of Plate XXVII. ( Mechanics ) repre- 
sent a fly-prefs with its minor parts, fuch as is in common ufc 
in Sheffield in a variety of manufactures, which we (hall enu- 
merate in theirproper heads. A A A ,figs. 1 and 2, isamaflive 
frame of cad-iron, of the dimenfions exprefled by the drawing 
and fcale annexed. In the upper part of this frame a female 
ferew. Or ferew-box is fitted, and the ferew B paffes through 
it. The top of the ferew is fixed to a curved handle a b c, 
furnifiied with a heavy weight c 9 which acts as a fly, when 
the handle is turned round by a workman fitting before 
a bench or table, on which the prefs is faflened by two bolts 
palling through projecting pieces, d 9 d , of the iron frame. 
At t a piece of iron is fattened, projecting from the iron 
frame, and fupporting a fdeket for the fquare iron Aider f 
to Aide up and down through, and to avoid any Aiake in 
its motion. The focket can be at any time made to fit the 
Aider by the four ferews (feen in both figures) which 
draw the two halves of the focket together. The upper 
end of the Aider f is connected with the ferew B, by a joint 
which allows the ferew to turn round independent ot the 
Aider, but obliges the latter to accompany the ferew in 
its vertical motion, cither afeending or descending. At the 
lower end of the Aider /, the punch or tool, g , is fattened 
by a clamp-fcrew : it acts in combination with another tool, 
h t called the die, fixed below it in the frame by four ferews 
i, as (hewn in Jig. 3, which allow of its adjultment in the 
true pofition beneath the tool. The lower tool, or die, /, is 
fitted into a block, which is held by the four ferews, and 
by this means the die can be quickly changed without 
difturbing the prefs. The upper tool can be removed in the 
fame manner by releafing the clamp-fcrew which holds it in 
the Aider /. 

Thefe, as the effential parts of the fly-prefs and its opera- 
tion, are too Ample to require much explanation. The work* 
man, being feated before the prefs, holds the piece of metal 
to be aded upon in his left-hand, and draws the handle a 
towards him with the other ; this, by turning the ferews, 
force# the punch down upon the metal, and the momentum 
of the weight c capfes it to ad with fuch force, that the 
rcfiftancc of punching through a thick piece of metal is 
fcarcely perceptible upon the Handle. The principal part 
of this power is gained by the ferew as well as by the 
accumulated vis inertia of the fly. For many pnrpoics 


where the refiftance is but flight, the weight c is removed t 
the prefs ads fimply by the lever and ferewr. It (till retains, 
though improperly, the name of the fly-prefs. This alter- 
ation is i tended to give the workman fuch a command of 
the machine, that he can more quickly reverfe the motion 
than will be the cafe when the fly is in aftion. This can be 
only done where the refiftance is very flight. Nails, the 
teeth of faws, open-work of fenders, and fimilar articles, 
are cut with appropriate tools in this manner. Figs* 4. 
and 5. reprefent fome of the tools to be ufed in the prefs ; 
a is a punch, and b the focket, or die, for perforating a 
circular hole, either with the view of forming a hole in a 
metallic plate for rivetting, See . or to preferve the piece 
(Iruck out for boat- builders rivets, wafliers, or collets, 
buttons, ornamental ftuds for fenders, and a vaft variety of 
other purpofes in which fmall circles of metal are ufeful. 
Thefe pieces are forced through the die, and fall through a 
hole made in the frame A, into a fmall drawer placed 
beneath the bench for their reception. 

C, D, are another pair of tools, in which the die D 
is embeffed to the (hape intended to be impre (fed. on the 
ornamental lluds cut by the former punch. Thefe are forced 
into it by the flat furface of the upper tool C. In fome 
cafes tins tool at the fame time punches a fmall hole by 
which the (lud is to be rivetted to the article it is intended 
to ornament, and the die muft then be perforated with a 
fmall hole to convey away the fragment of metal forced 
out by the punch. In many cafes thefe iluds are intended 
to be fattened on by a fmall pin projecting from their 
lower furface : in this cafe they are forged or ca(l in the 
manner of a nail, and the point or (hank of a (lud being 
inferted into a hole. In the lower die the upper tool is 
forced down upon it, aud imprints its figure upon its head : 
it is plain that litre the upper tool muft be embofled in- 
(tead of the lower. A concave or convex figure is given 
to the fmall circles before-mentioned, by making the end 
of the puwch a y fig. 4. concave or convex, and the preffure 
it exerts to force out a piece of plate is fuificient to impofe 
upon the fragment the figure of the punch. In Jig, 5. E, F 
arc another imall pair or dies for punching fmall circular 
holes, and G H is a fimilar pair of tools for fquare 
holes. 

The manner of punching out the concave fliclls for 
fmall buttons, which are termed Jhell buttons, is deferring of 
notice. Firft, fmall circles, (one of which is feen in the fe&ion 
at r 9 fig . 6. ) are cut out from plate-brafs, by a plain round 
punch and die, fimilar to a b 9 Jig, 4 ; the dies, (fig. 6.) are 
now ufed. The circle of brafs, being placed over the hole of 
the die L, is forced through it by the end of the other tool, 

K, which being fmooth and of a fpherical figure, caufes 
the plate of metal to affume the fame form, and fall into 
the drawer beneath in the ftate of /, when it is fit for u(e. 
It muft be obferved, that the aperture through the die, 

L, is as much larger than the tool K, as to admit the 
thicknefs of the metal all round it, and the upper fide of 
the whole muft not be left (harp, but rounded off, fo as 
not to cut, but only bend the piece of metal in paffing 
through it : alfo the circle of metal muft be larger than 
the hole, that there may be a fufficiency to form the cup 
or hemifphere /. The iize of this circle is fliewn by the 
dotted circle r, in the plan fig . 6, which likewife (hews a 
piece of brafs /, in the form of a fquare ; it is fattened 
upon the die, to guide and ftop the circle in the point 
where it is concentric with the hole over which it is 
placed. 

The open-work in fenders, and ornamental five-grates, is 
(Lamped out by the fly-prefs. For this purpofe the pattern 
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intended to be cut out is defcribed upon the plate of caft- 
Heel intended to form the fender, and by appropriate 
punches the holes are fucceffively cut out. In this maimer 
the diamonds, lozenges, triangles, and other figures, we 
obferve in thefe articles are removed with great facility. 
This operation has lately received great improvement from 
Mr. Prodlor of Sheffield. By this new method a great num- 
ber of punches, and of different figures, are moved at the 
fame time, and the neceffity of deferibing the pattern upon 
the plate is obviated ; whereas in the common method the 
fenders muft pais through the prefs as many times an there 
are figures in the pattern, and it requires forne (kill and 
judgment in placing the fender fo corredlly in its true 
pofition beneath the tool of the prefs, as to have no in- 
accuracies in the pattern difcernible to the eye. 

Fig» 7* is the prefs ufed for the purpole, though not 
cxelufively, ail heavy articles being (lamped in a prefs of 
this kind. The improved apparatus is feen on the ground 
by the fide of the prefs, where A A is the piece of Heel 
plate, inclofcd between two leaves of a frame 15, fimiJer to 
book-lids. The leaves are two plates of Heel, hardened and 
tempered ; the figure of D (fig. 8.) cut out in exa&lv the 
fame pattern as the fender is intended to be. Tfici’e pi .-.tes 
are attached, by four I'c^ews in each, to an iron frame 15, 
connected by hinges E ; when (hut together, as at A A, the 
apertures in the upper and lower leaves coricfpoud, and 
the plate A is interpofed between them. A number of lleel 
punchesof theproper figure, a»T, arc placed in the holes of the 
upper leaf, fo as to lillthem all up, and the whole is placed upon 
the lower bed H oi the prefs, and the fi.it iron bed I being 
forced down upon the punches by the ferew, drives them all 
through at once, and removes corresponding pieces from the 
Heel plate A A. The punches fall through the plate, and are 
received in a (mall dra.ver, beneath the bed of the prefs. 
The ferew being turned back, the tools and plate a re 
.removed to the table K before the prels, the book opened, 
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and the plate is put forwards through the leaves, fo as to 
cut out another length. To enfure the parallelifm and proper 
diftance from the former pattern, the leaves have one 
more hole in them than is intended to be cut out at the 
operation. I njffy. 8. a reprefents this hole, which is brought 
to coincide witli the hole cut by £at the former operation. 
By this means, it is certain to be in a ftraight line, and to 
keep it fo. A punch is put through the plate in this hole a 
before it is placed under the prefs a fecond time. The 
workman is feated upon the beam L, before the table 1C, 
and finds the punches, which had fallen through into the 
drawer, (landing up in it in the true pofition ; and he has 
only to transfer them to the leaves for the next (lamp. 
At N is fliewu another pair of leaves ; and at^. 9. a piece 
of the plate cut between them: «, are two of the punches; 
the leaves are reprefented as opened to admit the plate, 
and its pofition is adjufted by palling two of the punches 
through the holes stamped in the plate by the former 
liroke. 

The prefs (fig. 7.) is of large dimenfions ; its frame P 
double to give greater ilrengtn ; the levor R loaded at 
each end with heavy weights. It is many feet in length, 
though it is feen endways, and consequently forefhortened in 
the drawing. The frame S S L is placed beneath the furface 
of the ground, and a circular walk is made for the two men 
who run round with the end of the lever R, to give it as 
great a velocity as poflible, that its momentum may give a 
great energy to the adlion of the ferew. The workman feated 
upon L, is low enough to be beneath the lever as it moves 
over his head. The ferew is pointed at the lower end, and 
act« in a focket on the top of the Aider M ; to the lower 
end of which the moving bed I of the prefs is fattened ; to 
balance the weight of the Aider and bed, a lever X, and a 
heavy weight Y, are applied, which raifes them up when the 
ferew is turned back, fo as to admit the work being placed 
beneath the prefs. 



